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68. Derivatives of Monosilane. Part II. The Iodo-compounds. 


By H. J. Emertus, A. G. Mappock, and C. REIp. 


The compounds mono- and di-iodosilane, SiH;I and SiH,I,, have been prepared by 
the reaction between hydrogen iodide and monosilane in the presence of aluminium 
iodide, which acts as a catalyst. Silicoiodoform and silicon tetraiodide, which have 
been previously described, are formed simultaneously. The physical properties of the 
two new substances have been investigated, and a number of their reactions, some of 
which are of a type not previously found in the chemistry of silicon, are described. 
Volatile compounds of silicon containing a metal have been prepared with the aid of 
these iodides, and a reaction with sodium, analogous to the Wurtz reaction in carbon 
chemistry, has been effected. 


A NUMBER of compounds of iodine and silicon were prepared by early workers in the field 
of silicon chemistry. Friedel and Ladenburg (Amnalen, 1868, 149, 96) and Gattermann 
(Ber., 1889, 22, 190) prepared tetraiodosilane, Buff and Wohler having already prepared 
both this compound and silicoiodoform by the action of hydrogen iodide on heated silicon 
(Annalen, 1857, 104, 94). Friedel and Ladenburg published further work on these two 
substances, and also described hexaiododisilane (A nnalen, 1880, 208, 244). A lower iodide 
of empirical formula Sil, is also recorded. Mahn (Jenaische Zig., 1869, 5, 158) investigated 
the action of iodine on what was probably a mixture of silanes, and again isolated the tri- 
and the tetra-iodo-derivative of monosilane. The most recent reference to the iodo- 
compounds of silicon is that by Ruff (Ber., 1908, 41, 3738), who describes the preparation 
of silicoiodoform by the action of dry hydrogen iodide on a suspension of cold silicon imide 
in cold carbon disulphide. 

The work of Besson and Fournier (Compt. rend., 1911, 151, 1055), later amplified by 
Stock and his co-workers (Ber., 1919, 52, 695; 1917, 50, 1737), resulted in the preparation 
of the mono- and di-chloro- and -bromo-compounds of monosilane, but although Stock 
(“ Hydrides of Boron and Silicon,” p. 27, Cornell University Press, Ithaca, N.Y.) predicted 
that hydrogen iodide and silane should react under suitable conditions, he records no 
experiments on this subject. 

In the light of Stock’s work, and more recently that of Emeléus and Miller (J., 1939, 
821) on the reactions of silyl chloride, it seemed that the iodides would possess considerable 
reactivity, and that their high boiling points would make them useful as intermediates in 
the preparation of other silicon compounds. A method of preparation on the same lines 
as that used for the chlorides was therefore attempted, and after certain modifications in 
experimental technique proved completely successful. 


EXPERIMENTAL. 


The simultaneous use of reactive iodine compounds and of monosilane immediately introduced 
difficulties in technique : the use of the usual vacuum apparatus, in which taps are replaced by 
mercury seals, was precluded, since the iodine compounds rapidly attack mercury. Eventually, 
monosilane was purified in the apparatus using mercury seals, and transferred for reaction with 
hydrogen iodide to a similar apparatus with taps instead of mercury seals, and spoon gauges 
instead of mercury manometers. Even so, the rapid attack of these substances on tap grease 
made it necessary to keep them at temperatures at which their vapour pressures were not more 
than a few mm., if storage for any length of time were contemplated. 

Frequent lubrication of taps was essential, and for the final determination of physical 
constants, and in other operations for which a high state of purity was desirable, an all-glass 
system was used. In this, units were isolated by sealing off fine capillaries which could be 
opened when required by the use of magnetic breakers. 

Reactants.—Monosilane was prepared by the method of Stock and Somiesk: (Ber., 1916, 
49, 111), modified as described by Emeléus and Reid (J:,°1959, 1021); .twb.distillations,at 
— 160° gave a tensimetrically pure sample. Hydrogen iodidé was prepared by dropping water 
on a mixture of red phosphorus and iodine; free iodine» was, removed by e through a 
tube packed with red phosphorus, and the gas dried by caicium chloride.and phosphoric axide. 
Final purification was by fractional distillation in a vacuum at — 120°, and gave a product 
BB 
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identical tensimetrically with that of Steele and Bagster (J., 1910, 97, 2607). Aluminium iodide 
was made by the reaction between iodine vapour and heated aluminium filings, the clear, 
colourless, molten product being filtered through hot aluminium filings and stored in a sealed 
tube. 

The reaction between monosilane and hydrogen iodide was carried out in a 1-5-1. bulb con- 
taining 5 g. of aluminium iodide, and heated to 80° in an air-oven. Equal quantities of the two 
gaseous reactants at a total initial pressure of about 50 cm. of mercury were used. At room 
temperature or in the absence of a catalyst, the reaction took place only exceedingly slowly, 
but under the above conditions the optimum yield of the less highly iodinated compounds 
was obtained after 24 hours. After reaction, a trap connected between the preparation vessel 
and the pumps was cooled in liquid nitrogen, and the hydrogen which had been produced 
in the reaction was pumped away through two further traps similarly cooled. The condensed 
reaction products in the first trap, consisting of silane and its mono-, di-, and tri-iodo-derivatives, 
together with unchanged reactants, were then surrounded by an ice-bath, and the volatile matter 
was pumped off and collected in a trap cooled in liquid nitrogen. Crystals of tetraiodosilane 
sublimed on the cooler parts of the reaction vessel, and were found to have m. p. 120° and to be 
optically inactive. Silicoiodoform, which has a vapour pressure of only 14 mm. at 106°, 
remained in the trap cooled in ice. 

Under the conditions of the experiment an equilibrium was set up, only about 75% of the 
silane being iodinated. Of this about 60% was converted into the mono- and di-iodo-derivatives, 
the rest being more fully iodinated. After 24 hours, the amount of the higher iodides steadily 
increased at the expense of the lower ones. The amount of hydrogen formed was variable, but 
was usually rather more than the amount of silane added. The silyl and silylene iodides, 
SiH,I and SiH,I,, were separated together from unreacted silane and hydrogen iodide by a 
fractional condensation at — 100°, the liquid being distilled from a bath at 0°, to remove any 
further traces of silicoiodoform. Fractional distillation at — 85° next removed final traces of 
silane and hydrogen iodide from the products, which were then roughly separated by fractional 
condensation of the silylene iodide at — 45°. The distillation was allowed to proceed for 30 
minutes. The silyl iodide was then distilled from a bath at — 50°, giving a product as pure as 
can be obtained in an apparatus employing taps. A very pure sample was obtained by dis- 
tilling in an all-glass apparatus from a vessel cooled to — 55°, and fractionally condensing the 
silyl iodide at — 90°. This sample was used for final analysis of the compound, for determin- 
ation of vapour pressure, and for examination of the absorption spectrum. 

Silylene iodide was prepared in a state of purity by repeated fractional condensation at 
— 40°, and the material was volatilised from a bath at 0°. Again, for a very pure sample, the 
process was repeated in an all-glass system. Nearly twice as much silyl iodide is formed as 
silylene iodide. 

Analysis.—Use was made of the fact that the compounds are rapidly and completely de- 
composed by sodium hydroxide, as are all volatile derivatives of silicon. A known quantity 
of iodide was distilled into a degassed, 30% alkali solution, cooled in liquid air. The mixture 
was allowed to attain room temperature, and was thoroughly shaken. Hydrogen was evolved 
according to the equations 


3NaOH + SiH,I = Na,SiO, + 3H, + Nal 


and was pumped off through the Tépler pump and measured. In the preliminary analyses 
the alkaline solution was diluted somewhat, acidified with dilute sulphuric acid, and the iodine 
estimated gravimetrically as silver iodide. The results of preliminary analyses are shown 
below: these gave a rather high value for the iodine content, possibly owing to traces of silicate 
adsorbed by the silver iodide. 


‘ Vol. as gas_ Vol. of H, 
Wt. taken, atN.T.P., evolved, Vol. Hy. Wt. of 
Compound. g. s. c.c. Vol. subst.” Agl. 
SiH,I 0-2168 ° . 0-3241 
SiH,! 01883 . 26-06»... « 80 0-2850 
SiH, I, 0-3767 29-7 205 5 2 8H . 0-6260 
SiH,I, 0-3984 ee’ . . 0-6629 





- Farther analyses were :therefore‘made on pure materials contained in thin-walled glass 
ampoules.. These were bréken uitder:sodium hydroxide solution (the glass being subsequently 
weighed), and the iodine determined volumetrically by titration with iodate in presence of 
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concentrated hydrochloric acid. Silicon was determined as silica in the usual manner. The 
results are shown below. 













Si, %. I, %. 
Wt. used, “ — ~ i ~ 
Compound. g. SiO,, g. Found. Calc. Found. Calc. 
SiH,I 0-1365 0-0519 17-70 17-78 80-42 80-35 
SiH,I, 0-5463 0-1287 10-92 11-05 89-40 89-44 






Silyl Iodide.—This is a colourless, refractive liquid, with a pungent, though slightly musty 
odour. The solid is dimorphous, crystallising as long needles, probably isomorphous with 
methyl iodide, or in a second, prismatic form. 

Physical properties. The vapour-pressure curve was determined in an all-glass system, 
pressures being recorded by a sensitive ‘‘ spoon” gauge. This was totally immersed, only the 
pointer being visible, in a bath fitted with a stirrer, thermoregulator, and standard thermometer. 
At temperatures close to the b. p. slight decomposition occurred. A sample kept for some 
time at 40° showed a slight rise in vapour pressure. The results obtained are given in Table I. 
















TABLE I. 


Vapour pressure of silyl iodide. 


Temp. ... —23-5° —14-0° —10-0° 0-0° 5-3° =11-2° 16-7° 19-9° 21-0° 220° 23-2° 
V.p.,.mm. 348 61-5 75°7 123-9 158-7 206-7 259-2 294-2 307-3 320-9 336-9 
Temp. ... 25-0° 26-4° 27-4° 28-8° 30-0° 31-5° 34-5° 37-0° 40-0° 41-9° 42-8° 
V.p..mm. 360-5 3813 3964 4175 4373 462-9 5163 5646 637-3 669-1 668-6 























The vapour density was determined by direct weighing of the quantity of gas which filled, 
at known temperature and pressure, a calibrated bulb. From the bulb it was transferred to a 
small weighed tube, provided with a light vacuum tap and ground glass joint. The mean of two 
results agreeing to 1% gave a molecular weight of 157-6 (Calc.: M, 158). 

The latent heat of vaporisation, calculated from the vapour-pressure curve, was 
7130 cals./g.-mol. between 30° and 40°. The m. p. of silyl iodide was — 57-0°, and its 
b. p. 45°4°/760 mm. 

Density. The liquid density was determined on a specimen of pure iodide between 0-5° and 
148°. The operation was performed in a calibrated thermometer tube, the results recorded 
below being obtained. The calculated densities given in the last line were obtained from the 
formula d = 2-0718 (1 — 0-00204?). 



















e  eoceeeece 1-5° 5-4° 6-4° 9-9° 10-1° 10-4° 13-8° 14-8° 
G, OBB. cccsccece 2-0700 2-0685 2-0595 2-0565 2-0500 2-0490 .2-:0350 2-0398  2-0350 
By CONC... ccsescoes 2-0708 2-0686 2-0593 2-0570 2-0487 2-0483 2-0372 2-0398  2-0372 











Surface tension. This was determined by measuring the difference in level of the liquid in 
two capillary tubes of different diameter, which had been previously calibrated at 15°, pure 
ethyl alcohol being used as standard liquid. The surface tension so obtained was 30-50 
dynes/cm. at 15°, giving a parachor of 182-1, which is rather higher than the calculated value 
of 170. 

Absorption spectrum. The absorption spectrum was examined in a silica absorption cell 
5 cm. long, attached to glass apparatus by a silver chloride seal. A hydrogen discharge was used 
as the source of ultra-violet continuum, and the spectrum was photographed on a Hilger E, 
instrument. Pressures of 0-5 cm. and 2 cm. of silyl iodide were used. In this pressure range 
there was no evidence of banded absorption. The limit of continuous absorption was in the 
region 2400—2520 a., and the maximum of absorption was below 2100 a. } 

Silylene Di-iodide.—This compound is only just sufficiently volatile for ready manipulation 
in the vacuum apparatus at room temperature. Vapour pressures were determined in the same 
manner as for the more volatile silyl iodide, except that the whole was immersed in an oil-bath 
fitted with a stirrer and variable thermostat, so that the temperature could be taken up to 
about 140°. Results are recorded in Table IT. 

At the higher temperatures, considerable decomposition occurred, and the liquid became 
coloured by iodine. On cooling, a residual pressure of 0-6 cm. was exerted down to — 100°, 
and it is therefore probable that the vapour pressure values given for the higher temperatures 
are a little high, and the b. p. correspondingly low. From the vapour-pressure curve, the b. p. 
at 760 mm. was found to be 149-5°. The m. p. of the solid was — 1°. 
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TABLE II. 
Vapour pressure of silylene di-todide. 


TEMP. .ccccceee 0-1° 5-3° «100° «15-1°. ss 21-7° =. 25-12° 30-0° =. 336-42° 40-9° 945-7° =—61-4° 
V.p.,mm.... 4:2 6-4 8-4 10-7 13-4 14-9 17-9 22:4 26:8 31-5 39-2 
Temp. oocccceee 56°1° 63-1° 66-4° 70-5° 74-8° 759° 83-4° 93-4° 98-6° 104-9° 
V.p.,mm.... 458 58:0 644 75-2 86-8 88-5 1145 155-7 182-0 220-9 
TEMP. ccccccece 112-2° 116-2° 121-5° 123-7° 127-1° 131-8° 135-0° 136-3° 138-0° 140-2° 


V. p., mm. ... 274-7 308-7 356-8 385-2 422-0 481-7 532-4 542-8 567:5 600-8 


The vapour density was not determined, owing to the low volatility at room temperature 
and the difficulty of working at high temperatures in the vacuum apparatus. It is very unlikely, 
however, that the vapour is other than monomeric. 

The latent heat, as calculated from the vapour-pressure curve, is 8050 cals./g.-mol. between 
83-4° and 93-4°. This temperature was chosen, although well below the b. p., as being below the 
temperature at which appreciable decomposition sets in. 

The density was determined in the same way as for silyl iodide, with the following results. 
The calculated values were obtained from the formula d = 2-7943 (1—0-00320/). The surface 


Temp. ocecccccccccecs 5-1° 7-0° 10-8° 10-8° 15-1° 15-5° 20-0° 20-5° 
A, ODS.  coccccccccceees 2-777 2-772 2-761 2-760 2-746 2-745 2-730 2-729 
G, CAIC. ..ccccccecceees 2-778 2-772 2-760 2-760 2-746 2-745 2-730 2-729 


tension was determined at 15° by the same method as was used for silyl iodide. The result, 
44-1 dynes/cm., gave a parachor of 267, again rather higher than that calculated (250). 

The absorption spectrum was examined as for silyl iodide, on a Hilger E, spectrograph, the 
cell being filled with the vapour of silylene di-iodide at a pressure of 2 cm. There was no 
indication of a banded spectrum, and the continuum commenced in the range 3530—2730 a. 

The Action of Light on the Iodides.—Silylene di-iodide. During the ultra-violet exposure 
necessary for the examination of the absorption spectrum a fairly rapid liberation of iodine was 
found, and further preliminary experiments were therefore carried out. At 20° it appeared that 
a stationary concentration of iodine was set up after a few minutes’ exposure. This was not 
perceptibly increased in 12 hrs., and rapidly disappeared on placing the cell in the dark for a few 
minutes. Exposure at 50° for an hour, however, caused a further reaction to occur, with 
the removal of the iodine, and the deposition of a white crystalline solid. In a quantitative 
experiment at this temperature, 0-75 g. of di-iodide yielded 11 c.c. of hydrogen after 2 hrs.’ 
exposure. Nosilanes were found, but there were 0-015 g. of silyl iodide and 0-0739 g. of unchanged 
silylene iodide. The residue consisted of a difficultly volatile liquid of m. p. 8°, assumed to be 
silicoiodoform, and two crystalline solids, both optically inactive, the less volatile of which 
melted at 120°, and was probably tetraiodide. The more volatile solid condensed out as a 
liquid which supercooled strongly but eventually crystallised. An attempt at its analysis was 
forestalled by its rapid decomposition in air, with the deposition of iodine. However, from the 
deficit of iodine, silicon, and hydrogen in the gaseous products, and on the assumption that no 
free silicon was formed, the compound was probably an iodo-di- or -tri-silane. The following 
series of reactions is suggested : 

(a) SiH,I, = SiH,I- + I 
(b) 2SiH,I- = SiH,I-SiH,I 


Further iodination, by iodine or hydrogen iodide, may then take place, with the formation of 
silicon tetraiodide. 

Silyl iodide. When this iodide was irradiated at 50° for 2 hours it decomposed with the 
formation of a yellow solid deposit on the walls of the cell, together with a non-volatile oil. 
The solid did not contain iodine, was soluble in benzene, and is believed to be a polymeric silicon 
hydride. The liquid may be a heavily iodinated higher silane. Further work is proceeding 
on these reactions. 

Photodecomposition of both iodides appears to be accelerated by the presence of oxygen, 
and it is thought that this fact may on fuller investigation prove to be parallel to the accelerated 
decomposition of methyl] iodide in presence of oxygen (Spence and Bates, J. Amer. Chem. Soc., 
1931, 58, 1689). 

Chemical Properties and Reactions of the Iodides.—Neither of the two iodides is spontaneously 
inflammable in dry air or oxygen, but the vapour of either will burn with a reddish flame if 
ignited in air. Iodine vapour and a cloud of silica are among the products. In moist air, rapid 
hydrolysis, accompanied by simultaneous oxidation, takes place. 
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With mercury, the vapour of silyl iodide reacts in sunlight to give a small quantity of hydrogen, 
together with mono- and di-silane and mercurous iodide. In the liquid phase, in absence of 
sunlight, however, a white, volatile, crystalline solid is formed as a rather labile intermediate 
which decomposes into mercurous iodide and silane. The compound has not yet been isolated 
in a state of purity, but it may be HgI-SiH,, the analogue of methylmercury iodide. 

A slow reaction occurs between silyl iodide and zinc. A tube containing the two substances 
was sealed up, and opened after a year. It was found that 1 mol. of silyl iodide had given 
0-56 mol. of hydrogen, 0-28 mol. of monosilane, 0-07 mol, of unchanged iodide, and about 
0-25 c.c. of a liquid containing silicon, hydrogen, and iodine, which was slightly volatile at 0°. 
There remained a liquid which could only be distilled with great difficulty by heating to about 
300°. This liquid evolved hydrogen with aqueous sodium hydroxide, giving a solution con- 
taining silicate, iodide, and zinc, and is probably silylzinc iodide, ZnI-SiH3. 

With magnesium, under the conditions of the Grignard reaction in diisoamyl ether, which 
was used in preference to a lower-boiling liquid so that fractionation of the products would be 
less difficult, a dark solid is deposited, and the metal is dissolved. 1 Mol. of silyl iodide gave 
0-33 mol. of monosilane and 0-37 mol. of hydrogen after reaction for 3 hours. There were no 
other volatile substances, and no unchanged iodide. Addition of water led to the formation 
of a further 0-116 mol. of monosilane, and 0-082 mol. of hydrogen. These results may be 
interpreted as due to the formation of an unstable ‘‘ Grignard compound ”’, MgI-SiH;, readily 
splitting off silyl radicals, which react thus: 2SiH, = SiH, + H, + Si. This would account 
for 90% of the silicon in the above reaction, but it might be expected that some disilane would 
be formed. Although carefully sought, however, this gas could not be detected. 

With silver cyanide, silyl iodide reacts explosively in the liquid phase, a red flame running 
through the reaction vessel, and a mixture of silver iodide with a brown polymeric solid is formed, 
together with much hydrogen. By passing the vapour of silyl iodide at about 25 cm. pressure 
and at room temperature over silver cyanide, a volatile white solid is formed. The solid has 
been obtained in the pure state, and has m. p. 34°. On distillation into aqueous sodium 
hydroxide, the hydrogen evolved, and the cyanide in solution (estimated by Liebig’s method), 
indicate that it is silyl cyanide, SiH,-CN; 0-44 g. of material gave 53-3 c.c. of hydrogen (at 
N.T.P.) and 0-20 g. of cyanide. 

With sodium, silyl iodide reacts at room temperature with the evolution of gas from the 
surface of the metal. The main product of this reaction is disilane. After a few minutes, 
the sodium becomes coated with a tenacious skin, and the reaction ceases, in spite of the fact 
that considerable unchanged silyl iodide remains. In a quantitative experiment, 0-9725 g. of 
silyl iodide and 0-16 g. of freshly distilled sodium gave as products: H,, 2-0c.c.; SiH,, 3-1 c.c.; 
Si,H,, 22-5 c.c., and 0-5987 g. of unchanged silyl iodide were recovered, so that 0-3738 g. were 
used. From these results, it may be calculated that 2 mols. of the iodide decompose to give 
0-85 mol. of disilane. It is clear, therefore, that the main reaction may be represented as 
2SiH,I + 2Na = Si,H, + 2Nal. The small quantity of hydrogen may have been produced 
by the reduction of some of the disilane by the sodium. The reaction of silyl chloride with 
sodium is different and yields chiefly monosilane (Stock and Somieski, Ber., 1921, 54, 524). 
In a precisely analogous manner methyl chloride, when treated with sodium, yields methane, 
whereas methyl iodide yields chiefly ethane. Both silicon iodides may be rapidly fluorinated 
by silver or mercurous fluoride. Details of these reactions will be described in a later paper. 

The investigation of the reactions of silyl iodide already shows that its behaviour often 
contrasts with that of silyl chloride under similar conditions. This is, no doubt, due to the 
great difference in bond energies of the Si-Cl and Si-I linkages. These values are not accurately 
known, but approximate figures have been calculated from the thermal data given by 
Bischowsky and Rossini (‘‘ Thermo-Chemistry of Chemical Substances,’’ Reinhold Pub. Corpn., 
New York). The calculation involves a knowledge of the heat of atomisation of silicon, or of 
its heat of sublimation, if the vapour is assumed to be monatomic. The value of 103 kg.-cals. 
has been chosen as the most likely figure on the basis of the somewhat unsatisfactory vapour- 
pressure data for elementary silicon (Ruff, Trans. Electrochem. Soc., 1935, Reprint 68, 32; 
von Wartenberg, Z. anorg. Chem., 1912, 79, 71; Ruff and Konschak, Z. Elekirochem., 1926, 
32, 515; Bauer and Brunner, Helv. Chim. Acta, 1934, 17, 958). This value differs from that 
given by Pauling (‘‘ Nature of the Chemical Bond,” p. 53). Ogier measured the heat of form- 
ation of monosilane by oxidising it to silica. The value obtained (13-7 kg.-cals.) is close to the 
value of 8-7 kg.-cals. obtained by von Wartenberg in a study of the kinetics of the formation 
of monosilane. Using Ogier’s value, and taking the heat of atomisation of hydrogen as 51-3 
kg.-cals., we obtain for the Si-H bond the value 80-5 kg.-cals. 
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The energy of the Si-Si bond is probably given approximately by the heat of activation of the 
disilane molecule, which from experiments on the pyrolysis of this substance is 51-3 kg.-cals. 
(Emeléus and Reid, J., 1939, 1021). This agrees with a value of half the heat of sublimation 
of silicon (51-5 kg.-cals.) deduced from the crystal structure of the element. For the Si—Cl link, 
Troost and Hautefeuille’s figure for the heat of formation of tetrachlorosilane (150-1 kg.-cals.) 
has been used. Taking into account the heat of atomisation of chlorine (28-5 kg.-cals.), the 
value obtained for the strength of the Si—Cl link is 90-8 kg.-cals. For the Si-I link, the heat 
of formation of tetraiodosilane, which is given by Berthelot as 29-8 kg.-cals., may be similarly 
employed, if a value is assumed for the heat of sublimation of silicon tetraiodide. A value of 
12 kg.-cals. was used from a consideration of values for similar compounds. If the heat of 
atomisation of iodine be taken as 18-1 kg.-cals., the value of 48-4 kg.-cals. is obtained for the Si-I 
bond. The fact that this is lower than the strength of the Si-Si bond may explain the form- 
ation in the irradiation experiments of relatively nom-volatile liquids, which are believed to be 
iodinated higher silanes. The large difference in strength between the two halogen bonds is 
responsible for the marked difference between the chlorides and iodides of the silyl and silylene 
radicals in many of their reactions. 


The authors are indebted to the Dixon Fund of the University of London for a grant for the 
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69. The Halogenation of Phenolic Ethers and Anilides. Part XI. 
Substituted Benzyl Ethers of some Alkylphenols. 


By BrRYNMoR JONES. 


An extension of the kinetic study of the chlorination of aromatic ethers of the 
Br 


general type R Alkyl has been made, and in all cases the relative directive 


powers of benzyloxy-groups are found to be the same as in the simpler ethers of the type 
p-OR-C,H,X. For analogous ethers with varying alkyl groups the relative velocities 
of substitution are CH, : C,H; : m-C,H, : CMe, : CMe,Et = 100: 121 : 92-5: 48-5 : 40-5. 
This series provides another example of the departure of alkyl groups from the 
theoretical sequence required by the operation of their general inductive effects. 

Velocity coefficients for several 6-halogenothymyl ethers are also recorded. As 
expected, these display high reactivity: their rates of chlorination are compared 
with those of the simpler p-halogenopheny] ethers. 


‘In Part X (this vol., p. 267) the velocity coefficients of chlorination of three series of sub- 
stituted tolyl ethers were recorded, and the influence of methyl groups on the reactivity 
of the nucleus which undergoes substitution was discussed. Measurements are now 
recorded for four similar series of ethers where the alkyl group situated in the f-position 
to the OR group is ethyl, -propy]l, ¢ert.-butyl or tert.-amyl. In compounds of this type 
substitution occurs in the o-position to the OR group, and the velocity coefficients relate 
to reaction at a single nuclear position. With the 3-bromo-f-tolyl ethers, however, 
evidence was obtained of a secondary reaction which had a disturbing effect on the velocity 
coefficient. This was apparent when equal initial concentrations of reactants were em- 
ployed, since a steady rise of approximately 10% over the range 35—70% change was 
observed. In order to minimise the effect of this disturbance the primary reaction had 
to be isolated, and this was achieved by increasing the molecular ratio of ether to chlorine 
to 3:1, whereby satisfactory velocity coefficients were obtained. The 3-bromo-f-ethyl- 
phenyl and the 3-bromo-f-n-propylphenyl ethers were found to behave similarly, with 
the secondary reaction displaying, if anything, a slightly greater prominence. For this 
reason only a few ethers in these two series were examined. The 3-bromo-p-tert.-butyl- 
phenyl and 3-bromo-f-tert.-amylphenyl benzyl ethers, on the other hand, gave satisfactory 
values at all concentrations examined (cf. experimental section). Similar behaviour has 
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been observed during the bromination of the alkylphenols (Sprung, Ind. Eng. Chem. Anal., 
1941, 18, 3538; Amer. Chem. Abs., 1941, 35, 1774). When a primary alkyl group occupies 
the o- or the #-position, partial bromination of the alkyl group occurs in addition to the 
usual nuclear substitution, and, as a result, more bromine is absorbed at room temperature 
than is required by theory. With sec.- and ¢ert.-alkyl substituents, on the other hand, 
normal results are obtained. Brominated at 5°, all the alkylphenols examined, with the 
exception of the 2 : 6-dimethylphenol, behave normally. 

As a result of their high reactivity the velocity coefficients for the benzyl and substituted 
benzyl ethers of 6-chloro- and 6-bromo-thymol are less trustworthy than those recorded 
for less reactive ethers. 

As in all other series, the measurements were made in 99% acetic acid (1 c.c. of water 
per 100 c.c. of solution) at 20°, but since the rate of nuclear chlorination decreases with a 
decrease in the water content of the medium, an attempt to get more accurate velocity 
coefficients was made by adopting conditions in which chlorination occurs less rapidly. 
A second series of veanealy coefficients, measured at 16° and in 99-5% acetic acid, is also 
recorded. 

The mean velocity coefficients are given in Table I, in which the concentrations are in 
g.-mols. /litre and the time in minutes. 


TABLE I. 


Velocity coefficients for the chlorination of substances of the type ~ ae in 99% 


acetic acid, at 20°. 
[Cl,] = 0-0075 ; [ether] = 0-0225 ; [HCI] = 0-0375. 


Alkyl group. Group R. k. Alkyl group. Group R. k. 
C,H; Pree ee errr rerrry p-C gH,Me-CH, 6-47 n-C,H, PPrrrerrry p-C,H,(NO,) ‘CH, 0-74 
80 tee eeeeeeeeeeee p-C,H,Cl-CH, 2-73 PT TTT TT) m-C,H,(NO,) ‘CH, 0-865 
99 PAM e ee eeeeesere p-C,H,(NO,) ‘CH, 0-99 PT eT o-C,H,(NO,)*CH, 0-69 


90 PARR ee ereeeeeee m-C,H, (NO,) ‘CH, 1-1 3 
[Cl,] = 0-0075; [HCI] = 0-0375. 


Conen. of ether ........scesse00 0-0225 0-0075 
Es PE, ascesscseccsccevevees 3 1 
Alkyl group. Group R. k. 
Fa ae caaaatla 
PR ebb SU CH,Ph 1:89 1-99 
PP PHORM MORRO eee eee eeeeeeeeeeees p-C,H,Me-CH, senegal 2 P 7 l 
sy | “saetinhanandiaigiiinisndatiinatia p-C,H,Cl-CH, 1-09 — 
PRON AD LE TERING ?-C.H,BrCH 1-06 1-12 
Se eee nL a p-C4H,(NO,)*CH, — 0-40 
POOR Oe eee eer eeeeeeeeseeeeesseeese PC HRING)-CH, 0-462 — 
GENIE sathesisenicnnecietatbiliien CH,Ph 1-57 1-62 
2d PAR O ROO meee erereeeeeeeeees p-C,H,Me-CH, 2- 16 2-19 
ay... -thehabaanainmeiiaididies p-C,H,Cl-CH, 0-915 0-93 
sey (nl NA ei p-C,H,(NO,)-CH, 0-335 — 
sisniiidteneenbtaontennis m-C,H,(NO,)*CH, 0-383 0-395 
Type er [Cl] = 0-04; [ether] = 0-12; [HCI] = 0-05. 
Wo R = CH,Ph, & = 0-0062; R = -C,H,Br-CH,, & = 0-0135 
TABLE II. 
Velocity coefficients for the chlorination of substances of the type ROC x in 
GH, 


(a) 99% acetic acid at 20°, and (b) 99-5% acetic acid at 16°. 
[Cl,] = 0-00125; [ether] = 0-0025; [HCI] = 0-00625. 


Group X, Group R. k (20°). & (16°). Group X. Group R. k (20°). & (16°). 
Cl CH,Ph 174 107-5 Br CH,Ph 177 109 
~ p-C,H, Me:-CH, 237 146 — — — _ 
am ?-C,H,CI-CH, 109 67 Br p-C,H,Cl-CH, 110 67 
os p-C,H,Br-CH, 106 67 


“ 0-C,H,(NO,)CH, 37 22-5 Br o-C,H,(NO,)CH, 38 22 
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The existence of the same relative directive powers of OR groups in the nuclear chlorin- 
ation of ethers of the general type ~-OR°C,H,X has been clearly demonstrated for a wide 
variety of ethers, where X is a halogen atom or a m-directing substituent and R an alkyl 
or substituted benzyl group. Recent extensions (this vol., p. 267) to include di- and poly- 
substituted ethers have shown, moreover, that when the two substituents are chlorine 
atoms the same relative directive powers are obtained as in the monosubstituted ethers, 
but that when one of the substituents is an activating methyl group as, ¢.g., in the 
3-bromo--tolyl ethers, or when two methyl groups are present as in the 2: 4-dichloro- 
3 : 5-dimethylphenyl ethers, the values obtained for a wide range of R groups differ by 
approximately 15%. When, however, comparison is restricted to substituted benzyl 
ethers where the variable substituent is in the m- or p-position, and therefore well removed 
from the point of reaction, the same relative powers of groups are found in all series. The 
new data in Table III show a similar agreement for the benzyl and substituted benzyl 
ethers of several other halogenated alkylphenols. 


TABLE III. 
Relative directive powers of the groups CgH,A°CH,°O in compounds of the type 
C,H,A°CH,: Alkyl. 
r 
Values of 100R2iCR7 C4 /AooeD 
p-Me. / p-Br. 
138 56 
139 —_ 


136 56 
136 _ 


In the highly reactive 6-chloro- and 6-bromo-thymy]l ethers the velocity coefficients 
are less accurate but here, too, the velocity ratios approximate very closely to those obtain- 
ing in other series : 


Relative directive powers of the groups CgH,A°CH,°O in compounds of the type 
CH; 


nomen in 99% acetic acid, at 20°. 
Hf 


Values of 100k 8* 4 [RQ OHP™ 
Group X. A= H. p-CH;. p-Cl. p-Br. 
Cl 100 136 62 61 
Br 100 — _ 61 


On reviewing the data in this and earlier papers, it is clear that for ethers of varying 
types and complexity, such as 


ROY SX R 1 Ro Se ROC Alkyl ROK Br 
7, 
CT CH, 4 


(X =F, Cl, Br, (X = Cl 
or CO,H .) or Br.) 
(I.) (II.) (III.) (IV.) (V.) (VI.) 


the relative directive powers of the various benzyloxy-groups are the same irrespective 
of the number and of the polar character of the substituents in the nucleus which undergoes 
substitution. 

Further illustrations of the well-known effect of alkyl groups in enhancing the re- 
activity of the nucleus to which they are attached towards electrophilic reagents were 
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given in Part X (loc. cit.). The new data in Tables I and II afford other examples. The 
presence of the methyl and the isopropyl group in the 6-chloro- and 6-bromo-thymyl 
ethers increases the rate of chlorination 212 times as compared with those of p-chloro- 
and #-bromo-phenyl ethers, although in the thymyl ethers there remains only one 
o-position available for substitution. When, however, the relative influences of the various 
alkyl groups on the rate of reaction of the 3-bromo-p-alkylphenyl benzyl ethers are com- 
pared, it is seen that an irregular sequence Me<Et>Pr*>Bu’>Amyl’ is obtained (Table 
IV). Similar results have recently been found in other reactions, and their significance 
has been discussed at some length by several investigators (cf. Baker and Nathan, J., 
1935, 1844; Watson, Ann. Reports, 1938, 35, 249). 


TABLE IV. 
Relative influences of alkyl groups in compounds of the type 
C,H,A°CH,’0. Alkyl. 


r 
Values of 100KSjC8# CeH+4 [ROH a Cette 
Alkyl = CH3. C,H;. n-C,H,. CMe. CMe,Et. 
Pe ARTE. -netvekanncensionetinns 100 — _ 48 40 
DBD ccoceiepnnqecenses 100 118 -— — 39 
ee 100 122 band 49 41 
eis ire 100 —_ ste 48 —_ 
RGR te ate 100 122 92 pa 42 
BI, soccccegespacee 100 121 93 49 41 


aacescovscvcccaqesascose ' 121 92-5 40°5 






Since the completion of this work, Hughes, Ingold, and Taher (J., 1940, 949) have 
analysed critically the question of the relative polar influences of alkyl groups and have 
demonstrated in the unimolecular nucleophilic substitutions of p-alkylbenzhydryl chlorides 
a regular electron release capacity in the order Me>Et>Pr*>Bu’. 


EXPERIMENTAL. 


Details of the measurements of the velocity coefficients of chlorination and of the precautions 
taken to ensure accurate values have been given in previous papers. The usual procedure of 
crystallising each compound at least three times from ethyl alcohol or glacial acetic acid was 
followed, and the constancy of the velocity coefficients after further crystallisations is illustrated 
by the following mean values obtained in individual experiments. 3-Bromo-p-fert.-butyl- 
phenyl p-chlorobenzyl ether had & 1-09 after three crystallisations from ethyl alcohol, and k 
1-095 after a further crystallisation from the same solvent. Similarly 3-bromo-p-fert.-amyl- 
phenyl benzyl ether gave mean values of 1-58 and 1-56. 

The satisfactory nature of the velocity coefficients obtained in all cases when the ether : 
chlorine ratio was 3 : 1, and the steady rise when this ratio was reduced to 1: 1 in the p-ethyl- 
phenyl and p-n-propylpheny] ethers, are illustrated by the data in Table V. 

With the highly reactive 6-halogenothymy] ethers chlorination occurred so rapidly in some 
cases that the main part of the reaction was completed in a few minutes. The standard pro- 
cedure employed in these velocity measurements was modified therefore as follows: Three 
10 c.c. portions of the reaction mixture were withdrawn as quickly as possible after the com- 
mencement of the reaction and run into an excess of an aqueous solution of potassium iodide 


_ in three flasks, and the liberated iodine estimated by titration after the last withdrawal. This 


meant that some of the flasks had to stand several minutes before the titration was made and 
as a result some oxidation occurred. To minimise the effect of this as far as possible the air in 
the potassium iodide solutions was previously displaced by a steady current of nitrogen from 
a cylinder. A stream of nitrogen was also passed through the solution during the titration. 
Complete details for two ethers at two temperatures are given in Table VI. 

With the exception of those marked by an asterisk, the analyses were micro-determinations 
by Dr. Ing. A. Schoeller. 

Materials —The p-ethylphenol required for the preparation of the 3-bromo-p-ethylphenol 
was obtained from a commercially pure specimen of p-hydroxyacetophenone by Clemmensen’s 
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TABLE V. 


3-Bromo-p-tert.-butylphenyl benzyl ether. 


[ether] = 0-0225; [Cl,] = 0-0075; [HCl] = 0-0375. [ether] = [Cl,] = 0-0075; [HCI] = 0-0375. 
Time, mins. Titre, c.c. k. Time, mins. Titre, c.c. k. 
0 8-28 0 8-28 
12-00 5°15 1-890 44-20 4:99 1-987 
18-80 4-02 1-895 55-50 4°53 1-987 
22-38 3-56 1-887 66-50 4-16 1-985 
27-45 2-97 1-905 Mean 1-986 
Mean 1-894 


3-Bromo-p-tert.-amylphenyl benzyl ether. 


[ether] = 0-0225; [Cl,] = 0-0075; [HCl] = 0-0375. [ether] = [Cl,] = 0-0075; [HCl] = 0-0375. 
Time, mins. Titre, c.c. k. Time, mins, Titre, c.c. k. 
0 8-28 — 0 8-28 -- 
13-10 5:39 1-554 31-08 5-99 1-639 
19-50 4:44 1-556 46-75 5-30 1-603 
27-37 3-50 1-576 60°12 4:77 1-631 
32-25 3-10 1-547 Mean 1-624 
Mean 1-558 


3-Bromo-p-ethylphenyl p-chlorobenzyl ether. 


[ether] = 0-0225; [Cl,] = 0-0075; [HCI] = 0-0375. [ether] = [Cl,] = 0-0075; [HCl] = 0-0375. 
Time, mins. Titre, c.c. k. Time, mins. Titre, c.c. k. 
0 8-28 — 0 8-28 — 
9-78 4-78 2-71 28-05 5°13 2-92 
14-00 3°83 2-73 39-00 4:38 3-05 
17°10 3-28 2-73 51-72 3°69 3-21 
Mean 2-72 


TABLE VI. 
In each case the concentrations of the reactants were as follows : 


[ether] = 0-0025; [Cl,] = 0-00125; [HCI] = 0-00625. 


6-Chlorothymyl benzyl ether. 


Medium 99-5% acetic acid; ¢ = 16°. Medium 99% acetic acid; ¢# = 20°. 
Time, mins. Titre, c.c. k. Time, mins. Titre, c.c. k. 
0 3-04 —- 0 3-04 wae 
2-417 1-70 110 1-716 1-60 173 
4-666 1-10 108 2-616 1-22 171 
6-966 0-73 109 3-533 0-90 177 
Mean 109 Mean 174 


6-Chlorothymyl p-bromobenzyl ether. 


Medium 99-5% acetic acid; ¢ = 16°. Medium 99% acetic acid; ¢ = 20°. 
Time, mins. Titre, c.c. k. Time, mins. Titre, c.c. 


Mean 67 Mean 108 


method. To a well-stirred solution of the ethylphenol in carbon tetrachloride at 0° was added 
dropwise the calculated amount of bromine dissolved in ten times its volume of carbon tetra- 
chloride. When addition was complete the mixture was allowed to stand for one hour and the 
hydrogen bromide then removed by repeated treatment with water. The tetrachloride extract 
was dried, the solvent removed, and the 3-bromo-p-ethylphenol fractionated under reduced 
pressure; almost all of it distilled at 118°/22 mm. From this specimen the following five 
compounds were prepared. 

The p-methylbenzyl ether had m. p. 36°, and crystallised from alcohol in clusters of colourless 
prisms (Found: C, 62-8; H, 5-4. C,,H,,OBr requires C, 62-9; H, 5-6%). The p-chloro- 
benzyl ether, m. p. 29°, was crystallised three times from ethyl alcohol (Found: C, 55-3; H, 4-3. 





ye ee 


[1941] Part XI. Substituted Benzyl Ethers of some Alkylphenols. 363 


C,;H,,OCIBr requires C, 55:3; H, 43%). The p-nitrobenzyl ether had m. p. 81° after four 
crystallisations from ethyl alcohol, from which it separated in yellow prisms (Found: C, 53-8; 
H, 4-2. C,,H,,O,NBr requires C, 53-6; H, 4-2%). The m- and the o-nitrobenzyl ether melted 
at 86° (Found: C, 53-8; H, 4-2%) and 97° (Found: C, 53-6; H, 4:2%), respectively. Both 
crystallised from ethyl alcohol in colourless prisms, but the o-compound readily became brown 
on exposure to light. 

3-Bromo-p-n-propylphenol was obtained from a purchased specimen of p-hydroxypro- 
piophenone by a method similar to that employed for the preparation of the 3-bromo-p-ethyl- 
phenol. The specimen obtained distilled at 134°/25 mm., but its lachrymatory character 
suggested that the propyl group had been attacked to some extent during the bromination. 
As a result, difficulty was experienced in obtaining pure specimens of ethers which were liquids 
at ordinary temperatures, and velocity coefficients for the three crystalline nitrobenzyl ethers 
alone were determined. These were prepared by the usual methods from the pure nitrobenzyl 
chlorides. 

The p-nitrobenzyl ether, m. p. 76°, was crystallised in turn from ethyl alcohol, twice from 
glacial acetic acid, and finally from ethyl alcohol, from which it crystallised in long, pale yellow 
prisms (Found: C, 55-0; H, 4-6. C,,H,,O,NBr requires C, 54-8; H, 4.6%). From the same 
solvent the m-nitrobenzyl ether crystallised in long glistening prisms, m. p. 67° (Found: C, 55-0; 
H, 46%). The o-nitrobenzyl ether, m. p. 64°, which crystallised similarly, was more sensitive 
to the action of light and gradually became brown (Found: C, 54:8; H, 46%). 

p-tert.-Butylphenol was readily prepared in good yield by boiling gently under reflux 1 mol. 
of phenol and 1-1 mols. of tert.-butyl bromide until hydrogen bromide ceased to be evolved in 
quantity (cf. Bennett and Reynolds, J., 1935, 131). The mixture was cooled and poured into 
twice its volume of cold water, whereupon the #ert.-butylphenol solidified. The hydrogen 
bromide was removed by washing and decantation, and the phenol dried and crystallised from 
ligroin; m. p. 98°. Bromination to give 3-bromo-p-tert.-butylphenol was carried out as for the 
3-bromo-p-ethylphenol. The specimen used for the preparations of the ethers had m. p. 52°. 

The benzyl ether, first obtained as a colourless liquid, b. p. 225°/19 mm., was dissolved in the 
minimum quantity of ligroin (b. p. 40—60°), and the solution cooled in ice until the ether 
separated as a crystalline solid. This operation was repeated twice, small volumes of ethyl 
alcohol being used in place of ligroin, and the final product was crystallised from alcohol. It 
separated in clusters of colourless prisms, m. p. 29° (Found: C, 63-5; H, 5-9. C,,H,OBr 
requires C, 63-9; H, 6-0%). The p-methylbenzyl ether, m. p. 49°, crystallised from alcohol in 
colourless, matted prisms (Found: C, 64:75; H, 6-3. C,gsH,,OBr requires C, 64-9; H, 6-4%). 
From alcohol the p-chlorobenzyl ether (Found: C, 57-8; H, 5-1. C,,H,gOCIBr requires C, 
57-7; H, 5-1%), m. p. 73°, and the p-bromobenzyl ether (Found: C, 51-5; H, 4-7. C,,H,,OBr, 
requires C, 51-3; H, 46%), m. p. 78°, crystallised in glistening colourless prisms. The 
p-nitrobenzyl ether, after three crystallisations from glacial acetic acid, from which it crystallised 
in long, yellow prisms, had m. p. 94° (Found: C, 56-0; H, 5-1. C,,H,s,O,;NBr requires C, 
56-05; H, 50%). The m-nitrobenzyl ether crystallised from alcohol in clusters of colourless 
prisms, m. p. 75° (Found: C, 56-0; H, 5-0%). 

3-Bromo-p-tert.-amylphenol, b. p. 146—148°/19 mm., was prepared by the bromination 
of a purchased specimen of -tert.-amylphenol, m. p. 94°. From this the following six ethers 
were prepared. 

The benzyl ether, b. p. 234°/19 mm., solidified on cooling. It was frozen twice from small 
volumes of alcohol and then crystallised twice from the same solvent, separating in colourless, 
slender prisms, m. p. 44° (Found: C, 65-2; H, 6-3. C,,H,,OBr requires C, 64:9; H, 6-35%). 
From alcohol, the p-methylbenzyl ether crystallised in clusters of colourless prisms, m. p. 49° 
(Found: C, 65-7; H, 6-6. C,,H,,OBr requires C, 65:7; H, 6-7%), and the p-chlorobenzyl 
ether in slender prisms, m. p. 86° (Found: C, 58-8; H, 5-7. C,,H,OCIBr requires C, 58-8; 
H, 55%). The p-nitrobenzyl ether crystallised from glacial acetic acid in yellow prisms, m. p. 
82° (Found: C, 56-8; H, 5-0. C,,H,O,NBr requires C, 57-1; H, 5:3%); the m-isomer in 
colourless, elongated prisms, m. p. 68° (Found: C, 57-2; H, 5-2%), and the o-isomer in clusters 
of slender prisms, m. p. 64° (Found : C, 57-1; H, 5:2%). 

3-Nitro-p-tert.-butylphenol was prepared by the careful nitration of p-tert.-butylphenol in 
glacial acetic acid. After three crystallisations from glacial acetic acid, from which it separated 
in very pale yellow, slender prisms, the benzyl ether melted at 53° (Found: * C, 71-7; H, 6-7. 
C,,H,,O,N requires C, 71-5; H, 6-7%). The p-bromobenzyl ether was crystallised in turn from 
ethyl alcohol, glacial acetic acid, and methyl alcohol. It separated from the last in long, 
colourless prisms, m. p. 66° (Found: * Br, 21-5. C,,;H,,O,;NBr requires Br, 21-9%). 
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Chlorothymyl ethers. Five ethers of this series were prepared from a purchased specimen 
of chlorothymol of m. p. 59°. The first four were crystallised from ethyl alcohol. The benzyl 
ether formed colourless prisms, m. p. 55° (Found: C, 74:1; H, 7-0. C,H OCI requires C, 
74-3; H, 70%); the p-methylbenzyl ether clusters of colourless prisms, m. p. 51° (Found: C, 
74-3; H, 7-3. C,,H,,OCl requires C, 74:8; H, 7-3%); the p-chlorobenzyl ether, m. p. 59° 
(Found: C, 65-9; H, 5-9. C,,H,,OCl, requires C, 66-0; H, 5-9%), and the p-bromobenzyl 
ether, m. p. 69° (Found: C, 57-7; H, 5-1. C,,H,,OCIBr requires C, 57-7; H, 5-1%), formed 
clusters of colourless, slender prisms. The o-nitrobenzyl ether, m. p. 117° (Found: C, 63-75; 
H, 5-6. C,,H,,O,;NCl requires C, 63-8; H, 5-7%), crystallised from glacial acetic acid in long, 
colourless prisms. The 6-bromothymol was prepared by careful bromination of a commercially 
pure specimen of thymol; the product was distilled under reduced pressure and then 
seeded with 6-chlorothymol. The solid obtained was collected quickly in a well-cooled funnel, 
washed with a little ligroin (b. p. 40—60°), and finally crystallised from the same solvent; 
m. p. 55°. Its benzyl ether, m. p. 51° (Found: C, 63-9; H, 6-0. C,,H,,OBr requires C, 63-9; 
H, 6-0%), crystallised from alcohol in colourless prisms, and the p-chlorobenzyl ether, m. p. 60° 
(Found: C, 57-7; H, 5-1. C,,H,,OCIBr requires C, 57-7; H, 5-1%), in colourless, elongated 
prisms. The o-nitrobenzyl ether, m. p. 116° (Found: C, 56-2; H, 5-0. C,,H,,0,NBr requires 
C, 56-0; H, 50%), separated from glacial acetic acid in colourless, slender prisms. 
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70. The Absorption Spectra of the Phenylpyridines and 
Pyridyldiphenyls. 
By A. E. Gittam, D. H. Hey, and A. LAMBERT. 


A comparison of the absorption spectra of the phenylpyridines and the 3- and 
4-pyridyldiphenyls with those of diphenyl, m-terphenyl, and p-terphenyl respec- 
tively reveals a close resemblance, which indicates that the internuclear bond between 
two benzene nuclei and that between a benzene and a pyridine vanes are similar 
in character. 


INFORMATION concerning the nature of the carbon-carbon bond uniting two aromatic 
rings, ¢.g., the internuclear bond in diphenyl and its derivatives, has been obtained from 
a wide variety of sources which include chemical evidence, measurements of dipole moments, 
absorption spectra, and optical activity, as well as the computation of bond lengths by 
X-ray analysis and mathematical calculation. The conclusions reached indicate that the 
internuclear bond in compounds of the diphenyl type is hybrid in nature and possesses 
some measure of double-bond character, and this form of conjugation between aromatic 
nuclei may be responsible for the maintenance of such structures in a planar form (cf. 
Le Févre and Le Févre, J., 1936, 1130; Gillam and Hey, J., 1939, 1170). Moreover, the 
character of the bond is profoundly influenced by the presence of substituent groups at 
the ortho-positions. Further evidence on the latter aspect of the problem may be found 
in measurements of the magnetic susceptibility of diradicals in the diphenyl and terphenyl 
series. It has been shown that whereas mm’-diphenylenebisdiphenylmethyl (I) exists 
mainly as a true diradical, the isomeric pp’-compound appears to exist in the molecular 
quinonoid form (II) (Miiller and Miiller-Rodloff, Annalen, 1935, 517, 134); if, however, 
the ortho-positions with respect to the internuclear bond in the second isomeride are suitably 
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substituted, as in 2:6: 2’: 6’-tetrachlorodiphenylene-pp’-bisdiphenylmethyl (III), the 
diradical form is stabilised by the non-planar configuration imposed on the molecule, and 
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passage into the molecular quinonoid form is suppressed (Miiller and Neuhoff, Ber., 1939, 
72, 2063). Further examples of this phenomenon have been recorded by Miiller and Tietz 
(Naturwiss., 1940, 28, 189) and by Theilacker and Ozegowski (Ber., 1940, 78, 33). 

In contrast, information concerning the nature of the carbon-carbon bond uniting a 
benzenoid nucleus to that of pyridine is almost non-existent apart from a few abortive 
attempts to detect optical activity in suitably substituted arylpyridines (Chalmers, Lions, 
and Robson, J. Proc. Roy. Soc. N.S.W., 1930, 64, 320; Steele and Adams, J. Amer. Chem. 
Soc., 1930, 52, 4528; Lions, zbid., 1931, 53, 1176; Adams and Yuan, Chem. Reviews, 1933, 
12, 261). On the other hand, Woodruff and Adams (J. Amer. Chem. Soc., 1932, 54, 1977) 
were able to resolve a substituted dipyridyl, viz., 2: 4: 2’ : 4’-tetracarboxy-6 : 6’-diphenyl- 
3 : 3’-dipyridyl, which readily underwent racemisation. More recently, Breckenridge and 
Smith (Canadian J. Res., 1938, 16, B, 109) have reported a failure to resolve 2-0-carboxy- 
phenylpyridine-3-carboxylic acid but obtained a partial resolution of the methiodide of 
its dimethyl ester by the method of asymmetric induction. 

In a previous communication (Gillam and Hey, loc. cit.) a study was made of the absorp- 
tion spectra of a number of hydrocarbons consisting of chains of benzene nuclei united at 
either the m- or the #-positions, and for purposes of comparison a similar study has now 
been made of the phenylpyridines and pyridyldiphenyls. 

Benzene itself exhibits a highly characteristic absorption spectrum, the curve of which 
contains a group of eight maxima ranging from 2280 to 2700 A. and another more intense 
band near 20004. From the low intensity of the absorption in the neighbourhood of 2550 a. 
(e = approx. 200), it is probable that this group of absorption bands is not that charac- 
teristic of the conjugated system, whereas the band near 2000 a. has the intensity of absorp- 
tion usually associated with such a system (e for benzene at 2000 a. = 7940). When an 
ethylenic double bond is attached to the benzene nucleus, as in styrene, the increase in 
conjugation causes a movement of the short-wave absorption band towards longer wave- 
lengths, 7.¢., to A max. = 2445, e = ca. 14,000 (Pestemer and Wiligut, Monatsh., 1935, 
66, 119). When two benzene nuclei are joined together, as in diphenyl, the conjugated 
system so produced gives rise to an absorption spectrum differing from that of benzene in 
being more intense (ec = 18,000—20,000) and in exhibiting the new band as a smooth 
curve without the fine structure characteristic of benzene. Here again it is probable that 
the maximum near 2000 A. in the absorption curve of benzene has been displaced by the 
conjugation to 2500 A. in diphenyl, and that this intense absorption completely masks 
the more characteristic but less intense group of bands with its centre near 2550 A. which is 
also exhibited by benzene (cf. Gillam and Hey, loc. cit.). Pyridine exhibits an absorption 
spectrum similar to but somewhat more intense than that of benzene. When, however, 
a benzene nucleus is joined to a pyridine nucleus, as in the phenylpyridines, the light 
absorption clearly indicates that a system is formed similar to that in diphenyl. The 
three isomeric phenylpyridines exhibit absorption spectra which, although similar in type, 
are sufficiently distinct to be used as a means of differentiation. The data are shown in 
Fig. 1 and in the following table. 


Solvent. A max., A. e. Solvent. 


Benzene Alcohol ! B-Phenylpyridine 760) tee Alcohol 

— a : y-Phenylpyridine 2570 yon Alcohol 
tyrene y exane Pe ae 12370 0,890 

Diphenyl Alcohol? %Dipyridyl = \98190 114,500 Hexane 


a-Phenylpyridine {3439 Alcohol yy’-Dipyridyl 2385 12,600 Hexane 


1 Values from curves in “ International Critical Tables,” 5, 363. 2 Pestemer and Wiligut, 
loc. cit. 3 Gillam and Hey, loc. cit. 


The absorption spectra of the «- and 8-phenylpyridines have in common the fact that the 
curves exhibit two maxima (or incipient maxima) at approximately the same wave-lengths 
(cf. Fig. 1). They differ, however, in that whereas for the «-isomeride the two maxima 
are well defined and of about the same intensity, yet the curve for the 8-isomeride exhibits 
only one good maximum, the other being only an inflexion on the curve at a much lower 
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intensity of absorption. This might suggest that the two substances examined are not 
separate entities but mixtures of two components in variable proportions. However, 
the method of preparation, involving the liberation of the free bases from the pure crystal- 
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lised picrates, gives no support to this contention. The absorption spectra of a«’- and 
yy'-dipyridyl have also been examined (Table and Fig. 2) for comparison. The former 
reveals two well-defined maxima similar to those shown by «-phenylpyridine. 
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The absorption spectra of the three isomeric 3-pyridyldiphenyls are so closely similar 
as to be almost identical with each other and with the absorption of m-terphenyl (see 
table and Fig. 3). It is thus probable that, as in the case of the latter hydrocarbon, con- 
jugation does not extend beyond two nuclei (cf. Gillam and Hey, loc. cit.). On the other 
hand, with the three isomeric 4-pyridyldiphenyls (see table and Fig. 4), as with p-terphenyl 


Absorption spectra of 3-pyridyldiphenyls in hexane. 
A max., A. e. A max., A. €. 


3-a-Pyridyldiphenyl (IV) ... 2480 36,000 3-y-Pyridyldiphenyl (VI) ... 2480 36,000 
3-B- a ae oy 2455 35,000 m-Terphenyl 2465 40,500 


7 NN | Os \ ~\ (rs 
Lt } 
OOO OOH \ PF) 


(IV.) (V.) (VI.) 


where conjugation can exist through the whole molecule, it is found that the absorption 
band is displaced to longer wave-lengths. Further, whereas the absorption spectra of 
the 4-8- and 4-y-pyridyldiphenyls are similar to each other and to that of p-terphenyl in 
both location and intensity, yet 4-«-pyridyldiphenyl exhibits a somewhat more intense 
band displaced yet further to longer wave-lengths. 


Absorption spectra of 4-pyridyldiphenyls in hexane. 
A max., A. €. A max., A. e. 
4-a-Pyridyldiphenyl (VII) ... 2920 45,500 4-y-Pyridyldiphenyl (IX) ... 2790 33,500 
4-8-Pyridyldiphenyl (VIII)... 2790 31,000 p-Terphenyl 2760  27,860* 
* This is an amended value. The curve and value for e for p-terphenyl in hexane solution were 
previously incorrectly recorded (Gillam and Hey, loc. cit.). 
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The absorption spectra of the ellie aed and the 3- and the ee: a thus 
show a strong resemblance to those exhibited by diphenyl, m-terphenyl, and #-terphenyl 
respectively, indicating that the internuclear bond uniting a pyridine nucleus to a benzene 
nucleus is similar in character to that uniting two benzene nuclei with reference to the 
propagation of conjugation between the nuclei. 


EXPERIMENTAL. 


Determination of Absorption Speciva.—Measurements were carried out on a Hilger E, quartz 
spectrograph used in conjunction with a Spekker photometer. The notation used for the 
absorption data is that generally accepted, but for details see Gillam and Hey (loc. cit.). 

Compounds.—The «a-, B-, and y-phenylpyridines were prepared by the method of Haworth, 
Heilbron, and Hey (J., 1940, 349), the free bases being regenerated from the pure picrates by 
warming with alkali. A specimen of «-phenylpyridine was also prepared by the method of 
Evans and Allen (Organic Syntheses, 1938, 18, 70). The six pyridyldiphenyls were prepared 
by the method of Heilbron, Hey, and Lambert (J., 1940, 1279). The specimens of a«’- and 
yy'-dipyridyl were purchased from The British Drug Houses, Ltd., the latter as hydrochloride. 


This work formed part of a larger programme which, owing to the present emergency, has 
had to be curtailed. The data now placed on record refer only to that portion of the work 
which is sufficiently complete for publication. 
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71. Some Acyl Derivatives of Iodine. 
By J. W. H. O_tpHam and A. R. UBBELOHDE. 


Iodine acyls are prepared by the action of iodine on silver salts, according to the 
reaction 3R-CO,Ag + 21, —>» 3AgI + I(O-COR),;. The production of solutions 
and of solid acyls is described. Important properties include a marked sensitive- 
ness to moisture, and a ready decomposition on heating, possibly involving the 
liberation of free acyl radicals. 

By boiling acyl derivatives with excess of iodine in non-reacting solvents, good 
yields of alkyl iodides are obtained. A convenient method of decarboxylation, based 
on this observation, is to heat the silver salt of the acid with excess of iodine under 
a dry solvent. 


In connection with other investigations at the Davy Faraday Laboratory (Oldham and 
Ubbelohde, Trans. Faraday Soc., 1939, 35, 328; Proc. Roy. Soc., 1940, 176, A, 50) it has 
been necessary to review the application of standard organic reactions to the synthesis 
of long-chain aliphatic compounds (idem, J., 1938, 201; 1939, 201). The methods 
previously described have been extended by preparing rare long-chain alcohols with an 
odd number of carbon atoms from the more readily available fatty acids with an even 
number of carbon atoms (cf. Gascard, Compt. rend., 1911, 158, 1456). For this purpose, 
the method at first used was to warm the dry silver salt of the fatty acid with one equivalent 
of iodine, first at about 80°, with stirring, and then at about 120°. The reactions taking 
place have been stated to be (Simonini, Monatsh., 1892, 13, 320; 1893, 14, 81) : 


2Ag(O-COR) + I, —> Agl + AgI(O-COR), 5) 
Agl(O-COR), —> AgI + R(O-COR) + Co,f “ 


On account of side reactions, and of the fact that only half the acid is converted into 
the (esterified) alcohol, the method does not give very satisfactory yields; e.g., from 206 g. 
of pure stearic acid there were obtained about 30 g. of recrystallised C,,H;,°OH. 

A preliminary account is now given of a new series of acyl derivatives of iodine. These 
can be used to give much more satisfactory yields of alkyl iodides from the corresponding 
fatty acids and thus provide a new method of decarboxylation, which may have consider- 
able scope. In addition, the properties of the iodine acyls are of sufficient interest in 
connection with a number of other chemical problems to justify the rather incomplete 
description now attempted. 

Preparation of Solutions of Iodine Acyls.—Provided suitable precautions be taken to 
exclude moisture, the preparation of solutions of iodine acyls is comparatively simple. 
The dry silver salt of the appropriate fatty acid is covered with a specially dried solvent, 
such as benzene, light petroleum (‘‘ AnalaR,” free from unsaturated hydrocarbons), or 
carbon tetrachloride, and sufficient iodine added to convert all the silver salt into silver 
iodide. Tests showed that for the longer-chain fatty acids the amounts of iodine required 
are in accordance with the equation 


3R-CO,Ag + 21, —> 3AgI + I(0-COR), (IL) 


For the shorter chains, other acyl derivatives appear to be formed in appreciable proportion. 

The reactions are completed on gentle warming to about 40°, and the silver iodide is 
allowed to settle. It could be removed by filtration, but for many purposes the silver 
iodide does not interfere with subsequent reactions, and the rather tedious filtration is 
unnecessary. . 

Isolation of Solid Iodine Acyls.—Isolation of solid iodine acyls is somewhat more difficult 
than that of solid Grignard derivatives. The solutions, prepared as above and freed from 
silver salts by filtration, are cooled to about — 20°, and the compound which separates 
is filtered off, care being taken to exclude moisture. Recrystallisation is usually necessary 
to remove impurities such as the free acid, and on some cases small quantities of other 
acyl derivatives are difficult to remove from the triacyl. 

The solids resemble long-chain esters in appearance, but solutions of the triacyls have 
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a faint colour of vin rose even when freed as carefully as potsible from the excess of iodine. 
After removal of all solvent by gentle warming in a vacuum, before exposure, to.the aif, 
they have been kept for weeks in a desiccator, without: undergoing serious decomposition. 
Dry acyls mixed with silver iodide can also be prepared as described below. 

Action of Heat on Solid Acyls.—When solid acyls are warmed, melting is usually first 
observed. Marked evolution of gas then takes place suddenly round about 120°, and a 
complex mixture of products is formed, which includes the ester (e.g., Cy7H,,*O-CO-C,,H3, 
from iodine tristearate), carbon dioxide, iodine, some alkyl iodide, and possibly very small 
amounts of hydrocarbon. Noteworthy features of the thermal decomposition are the low 
temperature at which it occurs, and the fact that as the chain length of the acid is shortened, 
decomposition occurs with increasing violence. The significance of these features is 
discussed below. 

Action of Heat on Acyls in Solution: a New Method of Decarboxylation.—When the 
iodine acyls are warmed in certain solvents, such as benzene or carbon tetrachloride, 
carbon dioxide is evolved. The products of thermal decomposition are qualitatively 
similar to those obtained from the dry solids. Other solvents such as toluene or xylene 
appear to react with the iodine acyls; in such cases the volume of free carbon dioxide 
from a given weight of acyl is much smaller and more complex products are formed. 

A reaction of considerable value for a number of synthetic problems takes place when 
iodine acyls are warmed in non-reactive solvents in the presence of excess of iodine. This 
increases the evolution of carbon dioxide, and leads to the formation of comparatively 
high yields (up to 80% or more of the acid used) of alkyl iodides. On the basis of the 


hypothesis (see below) that the first action of heat on the iodine acyls is to liberate the free 
acyl radicals in solution, 


1(0°COR), —> I(O*COR) + 2R°CO-O- —> I + 3R°CO-0- 

the effect of excess of iodine appears to be to favour a reaction of the type 

R-CO-0- + I, —> RI +1+ CO, 
relative to a reaction leading to ester formation, such as 

2R-CO-O- —> R:O’COR + CO, 

With a considerable excess of iodine and a low concentration of acy] in solution, the examples 
recorded below show that the formation of ester is repressed compared with the formation 
of alkyl iodide. The most suitable solvent appears to be benzene. 

It is not necessary to filter off the silver iodide before using solutions of iodine acyls 
in this way. A simple method of decarboxylation is to heat the silver salt, under a solvent 
such as dry benzene or carbon tetrachloride, with excess of iodine till there is no further 
evolution of carbon dioxide (2—3 hours). In view of the difficulties frequently encountered 
in decarboxylation (e.g., in sugar chemistry), extensions of this method promise to be of 
great interest. The salts of other metals are being compafed with silver salts for this 
purpose, and the results will be recorded later. 

This method of decarboxylation has now been successfully applied to the production 
of the less common alkyl iodides, with an odd number of carbon atoms, from the commoner 
long-chain acids with an even number of carbon atoms. An amount of iodine approx- 
imately equal to that required by the reactions (II) and I(O*-COR), + I, —> 3CO, + 3RI, 
i.e., R°CO,Ag + I, —> AglI + CO, + RI, is added to the dry silver salt, which is then 
covered with the largest convenient volume of dry solvent, prepared as described below. 
The system is then boiled under reflux with exclusion of moisture for about 3 hours, and 
the alkyl iodide is isolated from the reaction mixture by the usual methods. 

Action of Water on the Iodine Acyls.—The iodine acyls are remarkably sensitive to 
moisture, which probably explains why only one member of the series has been previously 
prepared, and that by quite different methods (Schutzenberger, J. pr. Chem., 1861, 52, 
135; Bull. Soc. chim., 1879, 31, 104). When quite free from solvents, substances such as 
iodine tristearate can be transferred from one vessel to another without much decom- 


position, but if they are wetted even with supposedly hydrophobic organic solvents, they 
co 
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rapidly become pink in the air, owing to the liberation of iodine. The water in benzene 
insuthicientiy dried over sodium. can frequently be detected by adding it to a solution of 
an iodine acyl in realiy’dry benzene (see below). 

When solutions of iodine acyls in organic solvents are shaken with water, a golden 
colour appears momentarily in the aqueous layer, probably owing to the formation of a 
hydrated oxide of tervalent iodine (cf. Mellor, ‘‘A System of Inorganic Chemistry,” 
Longmans, 1922, II, 285). Within a minute or two this colour disappears, and is replaced 
by that of free iodine, most of which migrates to the layer of organic solvent. When only 
small quantities of water are added, e.g., as water dissolved in ether or benzene, crystals 
of iodic acid separate. 

The analytical tests described below show that for the longer chains the main sequence 
of reactions can be represented by the equations 


1(O°COR)3 + 3H,O —> I(OH), + 3R*CO,H 
51(OH), —> 3HIO, + I, + 6H,O 


There is some evidence for the formation of uni- and quinque-valent acyl derivatives 
of iodine, but further investigation is required to prove their presence. With water, 
these could give rise to iodic acid and free iodine by disproportionation, just as in the case 
of triacyls, but the ratio of free iodine to iodic acid would be different. 

Other properties of solutions of iodine acyls are the rapid interaction with metallic 
mercury at room temperature, and also with unsaturated hydrocarbons, with diethyl 
sulphide, and with m- and #-xylene. The course of these reactions can be followed from 
the visible changes in the system, and by analysis of the solutions at intervals, but a more 
detailed description must be deferred. 


\ (III) 


DISCUSSION. 


The main facts which emerge from the experimental work can be summarised as 
follows : 

(1) In the acyl iodides, as in the Simonini compounds containing silver, the linkage 
between iodine and the acyl groups is hydrolysed with remarkable ease by traces of water. 
It has not yet been possible to compare the effect of other hydroxylic compounds, so as 
to determine whether the mechanism of hydrolysis involves the attack of hydroxyl ions, 
or an interaction with hydroxyl groups bound by covalent links to other atoms. 

(2) The linkage between iodine and the acyl groups breaks down with ease at com- 
paratively low temperatures. In the absence of solvents, the decomposition appears to 
be autocatalytic, and is probably preceded by an induction period whose duration increases 
at lower temperatures. Further work is required before these physicochemical charac- 
teristics of the reaction can be regarded as finally proved. As the chain length of the 
acyl group is shortened, the thermal decomposition proceeds with increasing violence. 

(3) When iodine acyls are warmed with solvents, the thermal decomposition can be 
followed from the evolution of carbon dioxide or from analysis of samples of the solution. 
Solvents such as carbon tetrachloride appear to act as inert diluents in the thermal decom- 
position, whereas toluene, xylene, and unsaturated hydrocarbons change the course of 
reaction, and give rise to much smaller quantities of carbon dioxide in the thermal 
decomposition. 

(4) When the acyl iodides are boiled in dilute solution in inert solvents with excess 
of iodine, the preponderating reaction involves formation of alkyl iodides and free carbon 
dioxide. This reaction promises to be of use in synthetic organic chemistry. 

(5) Analysis of the solids isolated as described below, and of solutions, shows that the 
main product when sufficient iodine acts on the silver salt of an organic acid is the tervalent 
iodine acyl, formed according to the equation (II) (p. 368). The formation of other acyls 
at the same time is not excluded. 

These facts may be reviewed in conjunction with the known chemistry of multivalent 


iodine. Amongst the inorganic compounds, the additional valency links formed in passing 


from uni- to ter-valent iodine are known to be comparatively labile; a well-established 
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example is the thermal dissociation of iodine trichloride: ICl, = ICl + Cl,. With the 
iodine acyls, some of the observations suggest an equilibrium of the type 

1(O-COR), + I, = 31(O°COR) (IV.) 
but there is as yet no suggestion of a reversible dissociation according to the scheme 
I(O*COR); = 1(0*COR) + (R°CO-0),. 

As a working hypothesis, the thermal decomposition of iodine acyls is most simply 
regarded as primarily giving free acyl radicals, the iodine reverting to the univalent state, 
e.g., I(O*COR),;—> I(O°COR) + 2R°CO-O-. As in the Kolbe reaction, these acyl 
radicals can split off carbon dioxide without much change of energy, but unlike the radicals 
in the Kolbe reaction, they are liberated in the melt or solid, instead of at a metal electrode. 

When any molecule has just liberated a pair of radicals, they must necessarily be in 
close juxtaposition. The known instability of the peroxide link -O-O- (cf. Ubbelohde, 
Proc. Roy. Soc., 1935, 152, A, 371) makes a pairing of the radicals to form acyl peroxides 
unlikely, since there would not be much diminution in free energy. If one of the radicals 
loses carbon dioxide before pairing, the much more stable ester will be formed: 
R + R:'CO-O- —> R:O-COR. Finally, if other reaction partners are available, a wide 
range of chemical possibilities might be realised. The present paper gives details only of 
the reaction with iodine. 

In making a comparison with the Kolbe reaction, it seems noteworthy that not more 
than minute traces of the hydrocarbon R, appear to be formed in the thermal decomposition 
of iodine acyls. Experiments are being made to test whether this can be correlated with 
the action of metal surfaces in the Kolbe reaction, or whether it means that the working 
hypothesis about the formation of acyl radicals will have to be modified. 

The action of water on iodine triacyls leads to the transitory appearance of an orange 
compound, which then disproportionates to iodic acid and free iodine. The greater 
stability of higher oxides is probably to be ascribed to the increased possibilities of 
resonance when several oxygen atoms are linked to iodine (cf. the oxides of chlorine; 
Goodeve and Marsh, J., 1939, 1332). Information on the relative stability of iodine 
acyls of different valencies is as yet incomplete, but promises to throw light on the higher 
valencies of iodine. Reference may also be made to recent work (Masson é¢ al., J., 1938, 
1699, 1702, 1708) on other derivatives of tervalent iodine, whose properties throw light on 
the behaviour of the iodine acyls. 

EXPERIMENTAL. 


Preparation of Dry Silver Salis.—Dry silver salts of the fatty acids are conveniently prepared 
by adding a very slight excess of ammonia to the acid, warming to dissolve it in a convenient 
volume of water or aqueous alcohol, and stirring in a slight excess of concentrated silver nitrate 
solution. The precipitate is stirred, set aside for some minutes, and then filtered off and washed, 
first with water and then repeatedly with acetone; the final product is dried at about 100°. 
Although these repeated washings were necessary to renrove the water tenaciously held in the 
silver salt, yet the dry salts did not appear to absorb water from the atmosphere. Dry salts 
are essential for success in the subsequent operation; on account of the high molecular weight 
of some of the silver salts, a small percentage of water by weight can lead to a serious loss of 
iodine derivatives. 

Preparation of Dry Acyl Derivatives, mixed with Silver Iodide.—This mixture suffices for many 
purposes. The Simonini compound is said to be obtained when the appropriate amount of 
iodine is mixed with the silver salt of a fatty acid at the bottom of a long test-tube. The mix- 
ture is maintained at about 80° and is stirred with a stainless steel rod for a few minutes, during 
which the colour of iodine gradually disappears. A counter-current of dry air at the top of 
the tube (see below) may be necessary with some silver salts, but has not been found to be 
important with salts of the fatty acids. The nominal equation for reaction is given in (I) 
(p. 368), but some iodine acyls must inevitably be formed under the conditions described. A 
simple test of further reaction with iodine is obtained by heating the reaction mixture to about 
120°, so as to drive off carbon dioxide. The volume of carbon dioxide obtained from a given 


weight of silver salt is increased by about 50% when sufficient additional iodine is used to 
correspond with the equation 


Agl(O-COR), + }1, —> AgI + 31(O-COR), 


‘ 
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Owing to the imperfect mixing of two solids, it seems likely that the Simonini compound will 
react with further iodine in regions of the mix where the concentration of iodine is high, even 
if on the average the proportions of iodine and silver salt are maintained at 1:1. In practice, 
the preparation of acyl derivatives was usually carried out in the presence of solvents, to obtain 
more uniform mixing. 

Preparation of Dry Solvents for Reactions in Solutions.—Owing to the remarkable sensitive- 
ness of iodine acyls to water, special care is necessary to obtain sufficiently dry solvents. These 
are first dried as completely as possible by standard methods, sodium wire being used for 
“ AnalaR ”’ light petroleum (b. p. 60—80°, free from unsaturated hydrocarbons), benzene, 
and xylene, and calcium chloride for carbon tetrachloride. 

A sufficient bulk of the last solvent is then warmed to about 10° below its b. p., and a fine 
stream of rigorously dried air is passed through it for about 90 minutes, a sintered-glass bubbler 
being used. For drying, the air stream is washed with 30% potassium hydroxide, concentrated 
sulphuric acid, 20% oleum, another tower of concentrated acid to absorb any sulphur trioxide, 
and two towers of phosphoric oxide, and is filtered from dust. Furthermore, the top of the tube 
containing the solvent to be dried is protected from entry of atmospheric moisture. A side 
limb is fitted to the opening, and a stream 
A ) To pump of dry air is by-passed through it, to 

hinder diffusion inwards (see the reaction 

vessel on the left of the figure). For the 

; other solvents, the same method could be 

Air \ used, or alternatively, fresh sodium wire 

a 4, BEE could be added daily for a number of 
days. 

After the heated solvent has been 
dried, it is allowed to cool with the air 
stream running, and can then be trans- 
ferred with ordinary caution from one 
vessel to another, by syphoning and 
protecting any openings to the air with 
counter-currents of dry air. Larger bulks 
of carbon tetrachloride dried in this 
manter were occasionally used over a 
period of 2 or 3 days, but in most cases 
reaction between iodine and the silver 
salt was carried out in a vessel containing 
the solvent dried in situ. 

This simple and economical method 
of obtaining really dry solvents is based 
on infra-red absorption measurements by 
Fox and Martin (Proc. Roy. Soc., 1940, 174, A, 273), and was adopted after the presence of 
water in ordinary solvents had been_detected from its reaction with iodine tristearate. 

Preparation of Solutions of Iodine Acyls.—These preparations are carried out in a vessel of 
the type indicated on the left of the figure. For convenience in subsequent manipulation, 
this vessel may be graduated by volume. 10—15 C.c. of solvent per g. of iodine can be used, 
and the requisite amounts of silver salt and iodine are dropped in, according to equation (II) 
(p. 368). The reaction system is warmed at about 45° till the colour of free iodine disappears. 
Some reappearance of a reddish tint was noticed, particularly with palmitates and stearates, 
on cooling the reaction mixture. Provisional evidence has been obtained suggesting that this 
is due to some reversible equilibrium, such as (IV). 

If the counter-current of dry air at the top of the tube is inadequate, in preparing solutions 
of iodine acyls, the entry of atmospheric moisture is at once evident from the appearance of a 
flush of free iodine where the moisture meets the dry reaction mixture. This flush is quite 
distinct from the reddish tint described in the preceding paragraph, as the tint is observed 
throughout the body of the solution, and not at an interface. 

Solutions of iodine acyls so prepared contain suspended silver iodide. This can be allowed 
to settle, and for many purposes it does not interfere with subsequent applications of the acyls. 

Removal of Suspended Silver Iodide from Solutions—Whenever possible, reactions with 
solutions of iodine acyls are carried out im situ, the original reaction vessel being modified as 
required to suit subsequent operations. Removal of the silver iodide is complicated by its 
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fine state of division, and by the necessity to exclude atmospheric moisture at every stage of 
the filtration; it can be effected in the apparatus shown in the figure. Aiter all the iodine 
has reacted with the silver salt in the vessel R, the solution is allowed to settle for 5—10 mins. ; 
the supernatant liquid is then sucked over into the filter chamber D by manipulating the taps 
F and E which connect respectively to dry airand to vacuum. Before this transfer, the whole 
of the apparatus is washed several times with dry air, the tube A being closed at the reaction 
vesselend. Towards the end of the filtration, the silver iodide in R is sucked over, and is washed 
with fresh portions of dry solvent on the filter septum (porosity 3). The vacuum used for 
filtration is controlled by the tap B, which has a'second tap immediately in sequence with it, 
not shown in the diagram, to facilitate control of the pressure. 

The filtrate so obtained is practically free from suspended silver iodide. By measuring 
its volume, and titrating a small part for total oxidising power (see below), it is possible to 
determine what fraction of the iodine originally used has passed into the filtrate as a soluble 
iodine derivative. This titration is a useful check on the precautions against moisture. By 
using Pyrex apparatus, filled with dry air before use, and by applying counter-currents of dry 
air at every stage during which the solution might come into contact with atmospheric moisture, 
an average yield of 95% of soluble iodine derivative can be obtained. Any entry of moisture 
leads to the precipitation of iodic acid—oxidising power is retained in the residue instead of 
passing into the filtrate. 

Solutions prepared and filtered in this way included acyls of the acids C,H,,, ,~CO,H with 
n = 2,3, 5, 7,11, 15,and 17. With silver acetate the results were unsatisfactory. 

The rate of spontaneous decgmposition of the filtered solutions at room temperature may 
be illustrated for some experiments with iodine trilaurate. 4-04 x 10-* Equiv. of iodine was 
treated with 2-95 x 10-* equiv. of silver laurate at 40°, 136 c.c. of benzene, including the wash- 
ings, being used. The solution was protected from atmospheric moisture as described, and 
5 c.c. of the filtrate were analysed at intervals, to test how much oxidising power remained in 
solution, and also how much organic acid was formed on adding water. Unchanged iodine 
trilaurate would give an oxidising power equivalent to the iodine used, and would liberate organic 
acid equivalent to the silver laurate used. The rate of decay can be followed from the data 
below. 


Decomposition of a solution of iodine trilaurate at room temperature. 


Time of analysis. Oxidising power, equivs. x 100. Organic acid, equivs. x 100. 
Used in preparation , 2-95 
After filtering Agl ° 2-78 
as after 24 hours ... . 2-75 
fe 2-53 
2-26 
1-44 
1-11 


The decomposition products appeared to be similar to those obtained on boiling (see below). 
Preparation of Solid Iodine Acyls.—The isolation of solid acyls was attempted in a number 
of cases, in order to characterise more closely this new series of iodine derivatives. For this 
purpose we used a filtration apparatus similar to that shown in the figure, except that the 
sintered filter D was replaced by a longer, narrower model of porosity 2. A temperature jacket 
ound this filter could be filled with alcohol, stirred by a stream of air. The acy] solution itself 
was freed as far as possible from silver iodide, and after transference to the sintered filter it 
was stirred by dry air bubbling up through the sintered glass septum. By adding fragments 
of solid carbon dioxide to the alcohol bath, this could be cooled so as to freeze out the acyl 
compound. A temperature of about — 20° was used for compounds having the longer chains. 
When sufficient solid had separated, suction was applied to the septum, and the mother-liquor 
was removed as completely as possible. 

The solid acyl which remained was usually recrystallised by syphoning a fresh quantity 
of dry solvent into the filter at room temperature, so as to dissolve it. The resulting solution 
was again cooled to about — 20°, to separate the acyl a second time. This procedure was apt 
to clog the filter, in spite of. the air bubbling up through the septum during the cooling. After 
cooling, the mother-liquor was again sucked off; analysis of the two mother-liquors showed 
that recrystallisation tended to leave behind a solid with a ratio of iodine to acyl more nearly 
1 : 3 than in the crude product. 

Finally, a stream of dry air was again passed up through the septum; the top of the filter 
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was partly exhausted, and the temperature of the outer jacket was gradually raised to about 
45°, so as to remove any traces of solvent from the solid acyl, before exposing it to the atmosphere. 

Analytical Tests on the Reaction between Iodine and Silver Salts—The main analytical tests 
may be illustrated by specimen investigations. Jodine propionate. 6-41 x 10° Equiv. of iodine 
was treated with 4:81 x 10-? equiv. of silver propionate in 117 c.c. of dry benzene. The mix- 
ture was stirred with a stainless steel rod, and was warmed at 40° till all the solid iodine had 
disappeared. After the silver iodide had settled, titration of 5 c.c. of the supernatant benzene 
solution showed that on the average the benzene contained 6-40 x 10 equiv. of oxidising 
power in all, thus verifying that all the oxidising power remained in solution. 

This benzene solution was filtered as described, and 5 c.c. at a time were removed, shaken 
with water, and analysed. To determine the oxidising power, freshly standardised sodium 
hydrogen sulphite solutions were used. It was found that the aqueous layer contained 0-16 x 10-2 
equiv. and the benzene layer 0-02 x 10-* equiv. of oxidising power. After allowance for the 
samples removed from the original reaction system for analysis, and the total volume of filtrate 
being known, these tests showed that the filtrate contained 97% of the original iodine, in the 
form of a practically colourless derivative soluble in benzene. 

The residue on the sintered filter (10-944 g.) was washed with hot aqueous ammonia and 
dried. The remaining weight of silver iodide (10-878 g.) was 96% of the theoretical for the 
reaction (II) (p. 368). 

The ammoniacal washings were acidified, and found to contain 0-04 g. of silver iodate and 
0-026 g. of silver propionate. The remaining 3-4% of silver salt unaccounted for in the residue 
may in part be due to experimental error, but some of it may have passed into the benzene 
filtrate as a silver derivative of an iodine acyl (e.g., the Simonini compound) or as colloidal 
silver iodide. 

.The benzene filtrate containing the soluble iodine derivative was repeatedly shaken with 
water to decompose it, and the aqueous extracts were shaken with more benzene to remove 
free iodine. Titration of the aqueous layer showed that its total content of oxidising power 
(due to iodic acid) was 4:47 x 10 equiv., and thatits total acidity corresponded with 4-25 x 10°? 
equiv. of acid. By distilling off the propionic acid in a vacuum at 100°, it was shown that of 
this acidity 3-5 x 10-* equiv, corresponded with propionic acid. The experimentally found 
ratios, i.e., propionic acid : iodic acid (acidity) : iodic acid (oxidising power) = 1 : 0-21: 1-28, 
may be compared with the theoretical ratios 1 : 0-20 : 1-20 which would be given by the equations 
(III) (p. 370).. The iodic acid in the aqueous layer was further identified by evaporating 
some of the solution in a water-pump vacuum at 100°. Slightly red crystals were obtained ; 
1 g. of these gave 3-66, 0-57, and 0-61 centi-equivs. of oxidising power, acidity, and iodine 
(estimated as silver iodide), respectively (Calc. for HIO,: 3-4, 0-57, and 0-57 centi-equivs., 
respectively). The rather high oxidising power may be due to the presence of some higher 
oxide of iodine, though the addition of aqueous potassium iodide and bicarbonate did not lead 
to the liberation of free iodine, so that little if any periodic acid can have been present. 

The red crystals of crude iodic acid were dissolved in ammonia, leaving 0-5% of a red residue, 
too small in amount to permit further investigation. From the ammoniacal solution precipi- 
tates of silver iodate gave 99% of the oxidising power and 99-8% of the silver iodide required 
by theory for silver iodate. 

In attempts to isolate the solid propionyl derivative, it was necessary to use light petroleum 
as solvent. With this solvent, as much as 10% of the silver passed into the filtrate. On cool- 
ing, the solid acyl derivative separated, but analysis showed that it contained appreciable 
amounts of silver derivatives. The compound melted and then decomposed with marked 
violence on warming. 

With silver butyrate and iodine, crystals of an acyl derivative separated from light petroleum 
at — 20°, but as these melted below 0° they were not further isolated, owing to the difficulties 
of purification. An acyl derivative of lauric acid was readily isolated from light petroleum 
(b. p. 60—80°). On warming, it melted between 50° and 60°, and evolved carbon dioxide with 
violence at about 120°. It was completely soluble in cold benzene, giving a clear solution with 
a colour of vin rose. Analysis showed that, although its composition was not far from that for 
iodine trilaurate, it still contained appreciable amounts of a silver derivative. 

Iodine tristeavate. With this substance, purification was more successful. In a specimen 
preparation, 4:15 x 10-* equiv. of iodine was warmed with 3-02 x 10-* equiv. of silver stearate, 
about 100 c.c. of dry carbon tetrachloride being used as solvent. The solution could only be 
filtered with difficulty, and about 10% of the possible silver iodide passed into the first filtrate. 
The bulk of this was, however, removed by a second filtration. On cooling, the acyl derivative 











[1941] Some Acyl Derivatives of Iodine. 375 


separated from the solution. This was recrystallised once in situ, and gave a solid with a little 
free iodine. The free iodine was estimated by making up a dilute solution of the solid in benzene, 
and comparing the iodine colour with standard solutions of iodine in benzene. (In dilute 
solution the amount of free iodine estimated colorimetrically was independent of the dilution, 
but in concentrated solution the presence of the acyl derivative interfered with the estimation.) 

After allowance for the free iodine, analysis of the solid gave » = 2-95 in the formula 
1(O-CO-C,,H;;),, based on its oxidising power and yield of fatty acid on hydrolysis, and 
n = 3-09, based on the content of iodine and yield of fatty acid. Other samples in inde- 
pendent preparations gave values of with extreme limits of about 2-7 and 3-1. The solid 
was stored in a desiccator containing phosphoric oxide, together with a dish of silver stearate 
and some solid sodium hydroxide, to absorb any iodine vapour evolved. Over one month the 
loss of oxidising power did not exceed 3%. When the solid was warmed to about 140°, carbon 
dioxide was evolved corresponding roughly with one-third of the acyl groups present. 

Action of Heat on Iodine Acyls.—When solid acyls are warmed, the action of heat leads to 
the formation of carbon dioxide, the ester R-CO,R, some alkyl iodide, and some of the original 
acid or anhydride. The thermal decomposition presents points of physicochemical interest, 
owing to the possible liberation of free acyl radicals, but detailed comment is reserved. 

In the presence of solvents, the thermal decomposition of the acyls was studied by boiling 
silver salts of organic acids with iodine under a reflux condenser, various dry solvents being 
used. A slow stream of dried air was passed through the solution, to carry forward any carbon 
dioxide liberated through weighed bubblers containing concentrated potassium hydroxide 
solution. Numerous experiments were also carried out on solutions of iodine acyls obtained 
after filtering off the silver iodide, but no significant difference could be detected as a result 
of filtration. 

Specimen results obtained under various conditions are given in the table for silver laurate 
and silver stearate with iodine. Similar results were obtained with the other acyls. The main 
point to note in these results is the high yield of alkyl iodide obtained on boiling with excess 
of iodine in fairly dilute solution. In many cases this method of obtaining alkyl iodides may 
be the most direct and convenient available. 

Analysis of the decomposition products may be summarised for I(O-CO-C,,H,;);. The 
solution was first shaken with aqueous sodium hydrogen sulphite, to remove free iodine, and 
then with standard baryta, to estimate the free acid or anhydride. The solvent was next 
distilled, and the residue separated by fractional distillation in a vacuum. Analyses by 
Stepanov’s method of the alkyl iodide fraction (C,,H,,I, b. p. 125—130°/5 mm.) gave results 
about 3% low in iodine, and on conversion of the iodide into the ester, by heating with silver 
laurate, small quantities of an unsaturated compound were left unconverted. This substance 
was completely soluble in concentrated sulphuric acid, but the amounts were too small for 
identification. 

Reaction products obtained on boiling solutions of iodine acyls. 


Wt. %of CO, liberated, % Alkyl Acid re- 
Ag: I. Solvent. iodine acyl. (3 mols. = 100%). iodide, %. covered, %. 
Silver laurate. 
1:2 Benzene 5-1 95-6 87-7 12-2 
1:2 Aa 8-8 77-5 73-7 12-4 
1: 1-37 od 71 72-5 72-5 11-5 
1:2 Light petroleum 5-3 63-8 65-7 11-8 
1:2 £3 = 9-5 73-7 55-5 18-4 
1: 1-37 e A 7-2 70-2 51-7 16-9 
1:2 CCl, 4:9 90-9 78-0 11-4 
1:2 ne 9-3 83-3 70-2 10-8 
1: 1-36 “a 9-5 67-2 (48-0) 10-4 
Silver stearate. 
1: 1-33 Benzene 6-3 65-3 — 7-0 
1: 1-33 m 7:4 71-9 64:4 26-1 


After separation of the alkyl iodide by distillation, the high-boiling residue was shown by 
m. p. and mixed m. p. to be mainly the ester C,,H,,-O-CO-C,,H,,. Hydrolysis with alcoholic 
sodium hydroxide, followed by extraction with benzene, gave mainly the alcohol C,,H,,-OH, 
identified similarly. 


Thanks are due to the Managers of the Royal Institution for the facilities provided during 
this research. 


[Received, May 2nd, 1941.] 
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72. Experiments on the Synthesis of Substances related to the 
Sterols. Part XXIX. 


By Sir RoBert Rosinson and S. N. SLATER. 


The work described below comprises four parts and arose from attempts to develop 
more convenient syntheses of hydrogenated cyclopentenophenanthrenes. Attention 
may be directed to Section D, in which it is shown that the application of the Refor- 
matzky reaction to certain ketocyclopentenophenanthrenes affords products that may 
be reduced to an octahydro-stage in the aromatic nuclei. This observation gives 
promise for future developments. 


(A) Tus section is concerned with the synthesis of dienes of the type (I, R = H or OMe) 
with the object of effecting subsequent oxidation to (II). In the case where R = OMe 
it should then be possible to remove the double bonds by hydrogenation and obtain the 
ketone (III), which is closely related to oestrone methyl ether (IV). 


( C a 
@ ( ) ( | eC 
A ~ \ a, 

(I.) (II.) (IV.) 


(III.) 


The required dienes were prepared, but readily passed into aromatic compounds either 
during the course of their preparation or when oxidation by selenium dioxide was attempted. 
As starting points for the preparation of (I; R=H, OMe) the ketones (V) (Hawthorne and 
Robinson, J., 1936, 763) and (VI) (Rapson and Robinson, J., 1935, 1285) were employed. 


( 
\ 


The oxime of 3-keto-7-methoxy-1 : 2:3: 9:10: 11-hexahydro-1 : 2-cyclopentenophen- 
anthrene-A (VI) (Peak and Robinson, J., 1937, 1581) was reduced with sodium and butyl 
alcohol, but yielded 3-amino-7-methoxy-1 :2:3:4:9: 10:11: 12-octahydro-1 : 2-cyclo- 
pentenophenanthrene (VII) and not the hexahydrophenanthrene derivative required for 
degradation to (I; R = OMe). The crude reduction product proved difficult to crystallise 
and the amine was therefore isolated as the hydrochloride in two isomeric forms, which were 
separated by fractional crystallisation. 

Attention was next turned to the corresponding carbinols. 3-Keto-1:2:3:9:10: 11- 
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hexahydro-1 : 2-cyclopentenophenanthrene (V), the preparation of which has been im- 
proved, was reduced in good yield to 3-hydroxy-1:2:3:9:10: 11-hexahydro-1 : 2-cyclo- 
pentenophenanthrene (VIII) by the Pondorff method. Dehydration with anhydrous 
potassium hydrogen sulphate gave a small yield of the required 1: 9: 10: 11-tetrahydro- 
1 : 2-cyclopentenophenanthrene (I, R=H). 

The Pondorff reduction of (VI) yielded 3-hydroxy-7-methoxy-1 :2:3:9:10: 11-hexa- 
hydro-1 : 2-cyclopentenophenanthrene (IX), although even after 24 hours the reduction was 
not complete. Treatment with anhydrous potassium hydrogen sulphate caused dehydro- 
genation as well as dehydration and the resulting substance was a saturated compound, 
C,gH,,0, which is regarded as 7-methoxy-9 : 10-dihydro-1 : 2-cyclopentenophenanthrene (X). 
The action of heat on the methylxanthate of the carbinol (IX) gave the required 7-methoxy- 
1: 9:10: 11-tetrahydro-1 : 2-cyclopentenophenanthrene (I, R = OMe) in small yield. 

The main product of the oxidation of (I, R = H) with selenium dioxide was a hydro- 
carbon C,,H,,, which is considered to be 9 : 10-dihydro-1 : 2-cyclopentenophenanthrene (X1). 
There appeared to be small quantities of some ketonic substance present in the oxidation 
products, but the amount of (I) available was not sufficient to enable the isolation of 
by-products to be attempted. 

(B) One of the difficulties encountered in the synthesis of substances closely related to 
the sex hormones is the introduction of the angle-methyl groups and a possible method 
of surmounting this obstacle depends on applying the pinacol-pinacolin rearrangement to 
glycols of the type (XII). 


With this object in view the following experiments were carried out. cycloHexanone 
was condensed with acetyleyclopentene under the conditions described by Huber (Ber., 
1938, 71, 725), which represent a slight modification of the procedure of Rapson and 
Robinson (loc. cit.). .3-Keto-1:2:3:5:6:17:8: 9-octahydro-1 : 2-cyclopentenonaphthalene 
(XIII) was isolated in two isomeric forms, a and b, although there is the possibility that one 
form is an isomer of (XIII) with the double bond in a different position. a lower-boiling 


bp P- Sp- 


(XIII.) (XIV.) (XV.) (XVI.) 


isomeride-a, obtained in the greater amount, gave a low-melting amorphous dinitrophenyl- 
hydrazone. The higher-boiling isomeride-b afforded a crystalline dinitrophenylhydrazone. 
Isomeride-a was reduced with sodium and alcohol to 3-hydroxydecahydro-1 : 2-cyclo- 
pentenonaphthalene (XIV), which was then oxidised by the Oppenauer method (Rec. Trav. 
chim., 1937, 56, 137) to 3-ketodecahydro-1 : 2-cyclopentenonaphthalene (XV). This re- 
acted vigorously with methylmagnesium iodide and the resulting 3-hydroxy-3-methyl- 
decahydro-1 : 2-cyclopentenonaphthalene (XVI) was dehydrated with anhydrous potassium 
hydrogen sulphate to an unsaturated hydrocarbon, C,,H,», which is regarded as having the 


structure (XVII) or (XVIII). 
Me Me 
\ VA 
(XVII.) (XVIIL.) 
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This hydrocarbon was treated with perbenzoic acid, and the product hydrolysed 
with water in a sealed tube at 110°. The analysis of the product indicated that it did not 
consist of the pure glycol, but an attempt was made to effect a rearrangement by dissolving 
it in ice-cold concentrated sulphuric acid. A ketonic product was obtained, but the 
amount available was insufficient to allow of closer investigation. 

(C) Interaction of ®$-naphthylmagnesium bromide and ethyl levulate yielded y 
hydroxy~y-2-naphthylvalerolactone (XIX) together with a small amount of 2: 2  dinaphthy! 
and a substance, m. p. 139°, which is probably the isomeric unsaturated acid mentioned 
below. In an attempt to improve the yield, the ethyl ester of -2-naphthoylpropionic acid 
(Haworth, J., 1932, 1129) was allowed to react with methylmagnesium iodide in cold 
ethereal solution. The main product was the lactone (XIX), but a certain amount of the 
isomeric y-2-naphthyl-A*-pentenoic acid (XX), m. p. 141—142°, was also obtained. Treat- 
ment with dilute sulphuric acid at 100° converted the unsaturated acid into the lactone. By 
carrying out the second condensation in benzene and refluxing the mixture for some time 
(cf. Haworth, J., 1932, 1784), the acid (XX) was produced in good yield. 


ox) | Cr —brrecr,cry eo 7 Y \\__cMeiCH-CH,CO,H 





(XX.) 
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\AZ 
Under similar conditions ethyl @-l-naphthoylpropionate reacted with methylmagnesium 
iodide to yield y-l-naphthyl-A®-pentenoic acid (XXI), and from 6-methoxy-f-naphthyl- 
magnesium bromide and ethyl levulate the unsaturated acid (XXII) was obtained. 


(Me:CH:CH,°CO,H 


oxy ~ ¥ ¥ F nd Dra (CH°CH,°COH ¢xx11) 
\AZ ; 
These substances are readily converted into i acids (azo-dye tests), but 
up to the present we have not made a successful cyclisation without sulphonation. 
The lactone of 3-hydroxy-3-(6'-methoxy-2'-naphthyl)cyclopentane-l-carboxylic acid 
(XXIII) was similarly prepared from 6-methoxy-$-naphthylmagnesium bromide and ethyl 
annie wee 
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CH, 
aaa 7’ 0 CH, H, (XXIV.) 
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It was found advantageous to prepare the Grignard reagent alongside an equimolecular 
proportion of methylmagnesium iodide; there was naturally no difficulty in separating the 
products and a better use of the bromomethoxynaphthalene was secured by this device. 

It was hoped to apply the method so as to obtain the compound with CH,°CO,H at the 
asterisked position, but we have not yet succeeded in acquiring a specimen of the necessary 
intermediate. This work is being continued. 

(D) Much attention has been paid to methods of attaching a reactive but non-reducible 
group to the cyclopentane nucleus in derivatives of ketones of the type (XXIV), which are 
now readily accessible (Robinson, J., 1938, 1390). _ Robinson and Rydon (J., 1939, 1394) 
found one solution of the problem in the opening of the cyclopentenone ring to a dicarboxylic 
acid. This could be reduced in the aromatic nuclei and subsequently the acid could be 
recyclised. The method involves a number of steps with consequent loss of material and 
we have explored other possibilities. The use of Grignard reagents such as allylmagnesium 
bromide and of-acetylene in the presence of potassium did not hold out good prospects and 
cyanohydrin formation has been studied in detail with little result by other workers in the 
laboratory. 
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However, the Reformatzky reaction could be successfully used and this development 
will be followed up in other cases. 

The unsaturated esters (KXV and XXVI) were obtained from the appropriate com- 
ponents in satisfactory yields, but the conditions must be carefully observed. 


C:CH-CO,Et C:CH-CO,Et 
Me CH, Meo’ \“ ‘CH, 
CH, CH, (XXVI.) 


\ Me 


The double bond may be in the By-position to the carbethoxyl group. 

Hydrogenation by means of palladised norit and hydrogen affords the dihydro-derivatives 
and further hydrogenation in the presence of Raney nickel at 200—220°/65 atms. causes 
elimination of the methoxyl group in position 4 and reduction to (X XVII) (after hydrolysis) 
and (XXVIII) respectively. We assume that the methoxyl group common to (XXY) 
and (XXVI) is the one removed in the reduction and the experience of Robinson and 
Rydon (loc. cit.) may be cited in support. 


CH,°CO,H CH,CO,Et 


(X XVII.) V4 WA (X XVIII.) 
|. Il 
MeO 


These substances are important intermediates offering a variety of possibilities for further 
investigation. 


EXPERIMENTAL. 


(A) 3-Amino-7-methoxy-1:2:3:4:9:10: 11: 12-octahydro-1 : 2 : cyclopentenophenanthrene 
(VII).—Sodium (20 g.) was added to the oxime (10 g.) of 3-keto-7-methoxy-1 : 2:3:9: 10: 11- 
hexahydro-1 : 2-cyclopentenophenanthrene-A (Peak and Robinson, J., 1937, 1581) in butyl 
alcohol (300 c.c.). The reaction was completed by heating (oil-bath) and, when all the sodium 
had disappeared, excess of dilute hydrochloric acid was added, and the hot liquids separated. 
The amine hydrochloride was dissolved in the butyl-alcoholic layer, which was concentrated 
and filtered from a small precipitate of sodium chloride. The filtrate on keeping set to a thick, 
dirty yellow paste, from which the hydrochloride was collected, dried, and dissolved in boiling 
dilute hydrochloric acid. On cooling, the hydrochloride separated in white flocculent masses 
of extremely slender, microscopic needles; a further quantity separated after several days. 
The main crop was recrystallised several times from dilute hydrochloric acid (charcoal); it © 
sintered at 258° and melted to a very viscous liquid at 272° which became quite mobile at 278° 
(Found: N, 44. C,,H,,ON,HCl requires N, 44%). The second crop was recrystallised 
several times from dilute hydrochloric acid (charcoal), m. p. 302° (Found: N, 4.4%); mixed 
m. p. with the main product, 266—270°. 

3-Keto-1:2:3:9: 10: 11-hexahydro-1 : 2-cyclopentenophenanthrene (V).—The following 
slight modification of the method described by Hawthorne and Robinson (J., 1936, 763) gives an 
improved yield. Freshly distilled «-tetralone (10 g.) and sodamide (3 g.) in dry ether (140 c.c.) 
were refluxed in a current of dry, oxygen-free nitrogen until the evolution of ammonia had 
ceased. Acetylcyclopentene (8 g.) was added to the boiling mixture, and refluxing continued for 
about 12 hours. The product was cooled, acidified with dilute sulphuric acid, and filtered. 
The solid was washed with ether and crystallised from ethyl alcohol (yield, 5-4 g. of m. p. 171°). 

- 3-Hydroxy-1:2:3:9:10: 11-hexahydro-1 : 2-cyclopentenophenanthrene (VIII).—The  ke- 
tone (5 g.), aluminium isopropoxide (5 g.), and dry isopropyl alcohol (150 c.c.) were placed 
in a flask fitted with a fractionating column and heated in an oil-bath so that a slow distill- 
ation took place. Fresh isopropyl alcohol was added from time to time, and the distillation 
continued until the presence of acetone in the distillate could no longer be detected (10 hours). 
Most of the isopropyl alcohol was then distilled, and excess of dilute hydrochloric acid added to 
the residue. The product was extracted four times with ether, and the extract washed with 
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water and sodium hydrogen carbonate solution and dried. Removal of the solvent gave 4 g. of a 
pungent-smelling liquid which crystallised on keeping. It separated slowly from dilute benzene 
solutions in white masses of microscopic needles, m. p. 131—132° after softening at 128°. On 
drying in a vacuum at 100° it became discoloured and the analytical figures were not quite 
satisfactory (Found: C, 84:3; H, 8-0. Cj ,,H,O requires C, 85-0; H, 8-3%). 

Dehydration of the Carbinol C,,H,gO.—The above carbinol (2 g.) was mixed with freshly 
fused potassium hydrogen sulphate (4 g.) and distilled under diminished pressure (oil-bath at 
160—180°). The crystalline distillate was recrystallised from ethyl alcohol, separating in 
needles, m. p. 79° (Found: C, 92-3, 91-5; H, 7-7, 8-4. C,,H,, requires C, 91-9; H, 8-1%). 
The hydrocarbon decolourised alkaline permanganate immediately. 

Oxidation of the Hydrocarbon C,,H,, (I, R = H).—The hydrocarbon (0-2 g.), selenium dioxide 
(0-07 g.), and ethyl alcohol (10 c.c.) were refluxed for 2 hours on the steam-bath. The precipit- 
ated selenium was separated, and the filtrate concentrated and cooled in a freezing mixture. 
The solid (0-1 g.) which separated was recrystallised from ethyl alcohol, forming small plates, 
m. p. 61—62° (Found: C, 92-4; H, 7-6. C,,H,, requires C, 92-7; H, 7-3%). The hydro- 
carbon (XI) was stable to alkaline permanganate. The mother-liquor from the first crystallis- 
ation gave indication (dinitrophenylhydrazone) of the presence of a ketonic substance. 

3-Hydroxy-T-methoxy-1 :2:3:9: 10: 1l-hexahydro-1 : 2-cyclopentenophenanthrene (IX).— 
3-Keto-7-methoxy-1 : 2: 3: 9: 10: 11-hexahydro-1 : 2-cyclopentenophenanthrene-A was treated 
with an equal weight of aluminium isopropoxide in dry isopropyl alcohol exactly as described 
in the case of compound (VIII). On concentration of the dried ethereal extract a considerable 
amount of unchanged ketone, m. p. 192°, was deposited. After filtration the ether was evapor- 
ated, and the carbinol usually dehydrated as below without further purification. The substance 
separated from methyl alcohol as a nearly colourless, crystalline powder, m. p. 157—161° 
(Found: C, 80-0; H, 8-1. C,,H,,O, requires C, 80-0; H, 8-2%). 

Dehydration of the Carbinol C,,H,,0,.—(a) The crude carbinol was mixed with approxi- 
mately twice its weight of freshly fused potassium hydrogen sulphate and distilled under 
diminished pressure (oil-bath at 220°). The mixture frothed badly and the first portions of the 
distillate were considerably contaminated. The last portion was much cleaner and crystallised 
on standing. It was recrystallised from ethyl alcohol, being so obtained in needles, m. p. 
101—102° (Found: C, 86-4; H, 7:3. C,,H,,O requires C, 86-4; H, 7-2%). The carbinol 
had evidently undergone dehydrogenation as well as dehydration and the product is probably (X). 

(6) A mixture of the carbinol (4 g.) and sodium (1 g.) in dry toluene (20 c.c.) was refluxed for 
5 hours; almost the theoretical amount of sodium had then disappeared. The excess of sodium 
was removed, and dry ether (20 c.c.) added. Carbon disulphide (1 g.) was added in the cold, 
followed by methyl iodide (2-5 g.), and the mixture was refluxed for an hour on the steam-bath. 
Water was added, and the upper layer separated and dried. The solvents were removed, and the 
residue heated under reduced pressure at 180° until the evolution of low-boiling material was 
complete. The residue was distilled in a high vacuum, the distillate crystallising; it was 
recrystallised from ethyl alcohol, forming small plates, m. p. 82—85° (Found: C, 85-8; H, 
7-9. CygH, O requires C, 85-7; H, 7-9%). This unsaturated substance is considered to be 
(I, R = OMe). 

(B) 3-Keto-1:2:3:5:6:7: 8: 9-octahydro-1 : 2-cyclopentenonaphthalene (XIII) (cf. H iber, 
loc. cit.).—Dry isopropyl alcohol (83 c.c.) was added dropwise to finely divided potassium 
(14 g.) in dry ether. A mixture of cyclohexanone (13 g.), acetylcyclopentene (15 g.), and dry 
pyridine (70 c.c.) was added dropwise, and the mixture refluxed on the water-bath for 6 hours. 
The product was poured into water, acidified, and extracted four times with ether. The 
extract was dried and distilled. After the solvent and unchanged materials had been removed, 
the distillate up to 175°/0-14 mm. (13 g.) was collected. In a further preparation from 40 g. of 
cyclohexanone a yield of 40 g. of a product boiling up to 230°/0-93 mm. was obtained. This was 
combined with the distillate from the first preparation and separated into the following fractions, 
possessing a rather sweet odour : 

(i) B. p. 110—130°/0-88 mm. (20 g.). This was redistilled, and the distillate up to 120°/0-057 
mm. (mainly 110—115°; 18g.) collected. This was again distilled, and a portion of the middle 
distillate collected, b. p. 110—115°/0-28 mm. (Found: C, 82-5; H, 9-9. C,,;H,,O requires C, 
82-1; H, 95%). The dinitrophenylhydrazone was formed in alcoholic solution, but was not 
obtained crystalline. 

(ii) B. p. 130—160°/0-88 mm. (7 g.). This was added to the residues from (i) and redistilled, 
b. p. 118—140°/0-042 mm. (6 g.). This was again distilled, and a middle fraction collected, 
b. p. 125—140°/0-28 mm. (Found: C, 82-9; H, 100%). The dinitrophenylhydrazone was formed 
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in alcoholic solution and recrystallised from alcohol, m. p. 164—165° (Found: N, 15-4. 
Ci9H.20,N, requires N, 15-1%). A considerable residue remained in the flask. 

3-Keto-1:2:3:4:5:6:7:8:9: 10-decahydro-1: 2-cyclopentenonaphthalene (XV).—(a) 
3-Keto-octahydrocyclopentenonaphthalene (11-3 g., b. p. up to 120°/0-057 mm.) in methyl 
alcohol (100 c.c.) was shaken with a 2% palladium-strontium carbonate catalyst under hydrogen 
at 2 atms., but the original material was recovered unchanged. 

(b) 3-Keto-octahydrocyclopentenonaphthalene (11 g.) was reduced with sodium (50 g.) in 
ethyl-alcoholic solution. The solvent was removed by steam distillation, and the residue 
extracted with ether, dried, and distilled. The product (8g., b. p. 110—130° under high vacuum) 
was a viscous, pale yellow liquid with a characteristic pleasant odour similar to that of the 
essential oil from the Hypericum sp. prevalent in the South Island of New Zealand. 

A mixture of the carbinol (8 g.), dry acetone (200 g.), dry benzene (300 c.c.), aluminium 
isopropoxide (10 g.), and ¢ert.-butyl alcohol (11 g.) was refluxed for 20 hours. The product 
was cooled and washed with dilute sulphuric acid, and the benzene layer separated and dried. 
Distillation yielded 7 g. of a pale yellow oil with a characteristic penetrating and unpleasant 
odour, b. p. 120—130°/0-74 mm. This was redistilled, and a middle distillate collected (Found : 
C, 84:1; H, 10-2%). The carbon content is too high for any anticipated product. 

3- Hydroxy -3-methyl-1:2:3:4:5:6:7:8:9: 10-decahydro-1 : 2-cyclopentenonaphthalene 
(XVI).—A Grignard reagent was prepared from magnesium (1-42 g.) and methyl iodide (8 g.) 
in dry ether (20c.c.). 3-Ketodecahydro-1 : 2-cyclopentenonaphthalene (4-5 g.) in ether (20 c.c.) 
was added slowly, each drop reacting vigorously. When all the ketone had been added, the 
mixture was refluxed for 2 hours. The product was decomposed with ice and hydrochloric 
acid and exhaustively extracted with ether. Distillation of the combined extracts yielded the 
carbinol (4 g.) as a viscous, pale yellow oil with a terpenoid odour, b. p. 108—128°/0-22 mm. A 
portion of the distillate, b. p. 114—118°, was collected for analysis (Found: C, 81-5; H, 11-2. 
C,,H,,O requires C, 80-8; H, 11-5%). 

Dehydration of the Carbinol C,,H,,O.—The carbinol (4 g.) was heated at 180—190° for 10 
minutes with freshly fused potassium hydrogen sulphate (2 g.). The product was extracted 
with ether, and the ether distilled, yielding a pale yellow oil with an odour somewhat similar to 
that of the saturated ketone, b. p. 90—115°/0-17 mm. A middle distillate, b. p. 90—93°, was 
collected for analysis (Found: C, 86-7; H, 11-5. C,H, requires C, 88-4; H, 11:6%). The 
impurity of low carbon content could not be removed. An attempt to form the glycol by 
oxidation with the theoretical amount of perbenzoic acid in ether, followed by hydrolysis of the 
oxide, did not succeed. 

(C) 8-2-Naphthoyl- and 8-1-Naphthoyl-propionic Acids——The method is that of Haworth 
(J., 1932, 1129), but the method of separation of the products is perhaps an improvement. 

A mixture of naphthalene (160 g.) and succinic anhydride (80 g.) was added with stirring toa 
cold solution of anhydrous aluminium chloride (220 g.) in nitrobenzene (600 g.). After standing 
overnight, the product was decomposed with ice and hydrochloric acid, and the liquid filtered. 
The precipitate was freed from a small amount of adhering nitrobenzene by steam-distillation 
and remained in the flask as a crystalline deposit consisting of nearly pure 8-2-naphthoylpropionic 
acid. The colour was removed by boiling the solution in sodium carbonate with norit, and the 
acid precipitated and crystallised from methyl alcohol. Yield, 40 g., m. p. 172° after previous 
softening. 

The nitrobenzene filtrate was steam-distilled; the oil remaining in the flask solidified on 
cooling. It was dissolved in boiling aqueous sodium carbonate, boiled with norit, filtered, 
acidified, and the precipitated acid crystallised first from glacial acetic acid and then from 
methyl alcohol. The yield of 8-1-naphthoylpropionic acid was 48 g., m. p. 131° after previous 
softening. 

The Lactone of y-Hydroxy~y-2-naphthylvalerolactone (XIX).—2-Bromonaphthalene (20-7 g.) 
in dry ether (80 c.c.) was added slowly to magnesium (2-4 g.) activated with a little ethyl iodide. 
The mixture was refluxed until most of the magnesium had disappeared. The Grignard reagent 
was added with shaking to ethyl levulate (14-4g.)inether. The vigorous reaction was completed 
by refluxing for 30 minutes. After 12 hours the product was decomposed with ice and hydro- 
chloric acid, isolated by means of ether, and distilled. After naphthalene and unchanged 
bromonaphthalene had been removed, a fraction, b. p. 190—205°/1-6 mm. (8-5 g.), was collected. 
A considerable residue was a viscous liquid which slowly solidified on standing. It was dis- 
solved in hot ethyl alcohol; on cooling, shining white plates of dinaphthyl separated, m. p. 185°. 
The mother-liquors were diluted with water, and the precipitated solid collected, dried, and 
exhaustively extracted with hot light petroleum (b. p. 60—80°). On cooling, y-hydroxy-y-2- 
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naphthylvalerolactone crystallised in rosettes of white needles, m. p. 77° (Found: C, 79-6; 
H, 6-3. C,;H,,O, requires C, 79-6; H, 62%). 

The residue of viscous liquid insoluble in light petroleum crystallised on standing overnight. 
It was dissolved in chloroform, diluted with light petroleum (b. p. 40—60°) until cloudy, warmed, 
and kept. An oil was first deposited and then crystals. A little chloroform was added to dis- 
solve the oil and the solution was then concentrated by slow evaporation. The material melted 
at 135°, and finally, after two further crystallisations, at 139°. It is presumably the isomeric 
unsaturated acid described below. 

y-2-Naphthyl-A®-pentenoic Acid (XX).—(a) Methylmagnesium iodide (from magnesium, 
3 g., and methyl iodide, 18 g.) in ether was added dropwise to a cold solution of ethyl 6- 
2-naphthoylpropionate (31 g.) in ether. After standing overnight, the product was decom- 
posed with ice and hydrochloric acid, isolated by means of ether, and distilled (yield, 24 g., 
b. p. mainly 188—195°/0-35 mm.). This distillate was dissolved in chloroform, and the hot 

solution diluted with light petroleum (b. p. 40—60°). Shining white plates of y-2-naphthyl- 
A®-pentenoic acid were deposited, m. p. 139° after previous softening. Two further crystallis- 
ations raised the m. p. to 141—142° (Found: C, 79-6; H, 6-3. C,;H,,O, requires C, 79-6; H, 
6-2%). The mother-liquors were evaporated, and the residue extracted with boiling light 
petroleum (b. p. 60—80°). On cooling, crystals of the above lactone were deposited, m. p. 75°. 

(b) Methylmagnesium iodide (from magnesium, 3-6 g., and methyl iodide, 21 g.) in ether was 
added dropwise to methyl §-2-naphthoylpropionate (26 g.) in dry benzene (100 c.c.), and the 
mixture refluxed for 2 hours on the steam-bath. The product was decomposed with dilute 
sulphuric acid, and the ether—benzene layer separated and extracted with potassium carbonate 
solution. The alkaline extract was boiled with norit, filtered, and acidified. The precipitated 
acid (yield of dried acid, 14 g.), after crystallisation from chloroform, had m. p. 140° with 
previous softening. The unsaturated acid was heated with dilute sulphuric acid on the steam- 
bath for 12 hours. On cooling, the oil which had formed solidified.. After crystallising from 
light petroleum (b. p. 60—80°), it melted at 75° alone or mixed with the analysed specimen of the 
above lactone. 

y-(6-Methoxy-2-naphthyl)-A®-pentenoic Acid.—The formation of the Grignard reagent from 
2-bromo-6-methoxynaphthalene (Fries and Schimmelschmidt, Ber., 1925, 58, 2840) was sluggish, 
so an equimolecular proportion of methyl iodide was employed. 2-Bromo-6-methoxynaph- 
thalene (18 g.; 1 mol.) in ether was added to magnesium (3-6 g.; 2 mols.) and a solution of 
methyl iodide (11 g.; 1 mol.) in ether was then run in. A vigorous reaction took place and 
ultimately almost all the magnesium disappeared. The Grignard reagent was added to ethyl 
levulate (14-4 g.; 2 mols.) in dry benzene, and the mixture refluxed for 2 hours. After standing 
overnight, the product was decomposed with dilute hydrochloric acid, and the ether—benzene 
layer extracted with potassium carbonate solution. The alkaline extract was acidified; the 
precipitated acid crystallised (after drying) from chloroform—light petroleum (b. p. 40—60°) 
in hexagonal plates, m. p. 177° after previous softening (Found: C, 75-0; H, 6-2. Calc. for 
C,gH,,0;: C, 75-0; H, 6-3%) (yield of crude acid, 5 g.). Short, Stromberg, and Wiles (J., 1936, 
319) give m. p. 171—171-5°. 

Cyclisation was attempted under various conditions with acetic anhydride, sulphuric acid, 
phosphoric anhydride, potassium hydrogen sulphate, benzoic anhydride, and by pyrolysis. 
In several cases phenolic substances were produced (azo-compounds), but the minute yields 
precluded further examination. 

Ethyl cycloPentanone-2 : 3-dicarboxylate.—This ester was prepared as described by Kay and 
Perkin (J., 1906, 89, 1640) from ethyl butane-«$8-tricarboxylate. The esterification of butane- 
«af8-tricarboxylic acid with alcohol and sulphuric acid as described is difficult and incomplete, 
but by employing a continuous esterification process (in which the water is removed by means 
of carbon tetrachloride) the esterification proceeds readily and an excellent yield is obtained. 

The Lactone of 3-H ydroxy-3-(6'-methoxy-2'-naphthyl)cyclopentane-1-carboxylic Acid (XXIII). 
—2-Bromo-6-methoxynaphthalene (18 g.; 1 mol.) in ether (250 c.c.) was warmed with mag- 
nesium (3-6 g. ; °2 mols.), and methyl iodide (11 g.; 1 mol.) inetheradded. After gentle heating 
on the steam-bath the reaction commenced and continued briskly until most of the magnesium 
had disappeared. The Grignard reagent was added slowly in the cold to a solution of ethyl 
cyclopentanone-3-carboxylate (15-6 g.; 2 mols.) (Haworth and Perkin, J., 1908, 93, 591) in ether. 
After standing overnight, the product was refluxed for an hour and then decomposed with dilute 
hydrochloricacid. The ethereal layer was separated and washed with sodium carbonate solution ; 


no acid was obtained on acidifying these washings. The ethereal extract was dried and distilled, 
and the following fractions collected : 
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(i) Up to 130°/25 mm. (cyclopentane derivatives). 

(ii) B. p. 130—200°/27 mm. (mainly 180—200°) (6 g. of bromomethoxynaphthalene). 

(iii) Up to 220°/0-8 mm. (9 g.). This fraction consisted of a pale yellow liquid which slowly 
set to a pasty mass on standing. It was crystallised with difficulty from methanol, the Jactone 
separating in clumps of microscopic needles, m. p. 97—98° (Found: C, 75-6; H, 6-7.. C,,H,,0, 
requires C, 76-1; H, 6-0%). 

(D) 4-Methoxy-3'-ethyl-A*’-1:2-cyclopentenophenanthrene.—3'-Keto-4 - methoxy - 1 : 2-cyclo- 
pentenophenanthrene (1 g.) was added in one portion to ethylmagnesium bromide (from mag- 
nesium, 0-5 g., and ethyl bromide, 3 g.) in ethereal solution, and reacted completely in a few 
seconds. The mixture was refluxed for 2 hours, cooled, and decomposed with ice and dilute 
hydrochloric acid. The ethereal layer was separated, washed with potassium carbonate solution, 


‘and dried, and the solvent distilled. The residue, crystallised from ethyl alcohol (yield, 0-6 g.), 


had m. p. 105° after previous softening (Found: C, 87:3; H, 6-4. C,9H,,O requires C, 87-6; 
H, 6-6%). 

Ethyl 4-Methoxy-1 : 2-cyclopentenophenanthrylidene-3'-acetate (XX V).—A mixture of 3’-keto- 
4-methoxy-1 : 2-cyclopentenophenanthrene (2 g.), ethyl bromoacetate (1-6 g.), zinc wool (0-5 g.), 
benzene (20 c.c.), and toluene (10 c.c.) was refluxed for 4 hours. The product was decomposed 
with dilute sulphuric acid and after filtration the benzene-toluene layer was evaporated. The 
residue was taken up in boiling ethyl alcohol, cooled, and decanted several times from the sticky 
material which separated first on cooling. The solution was then kept and gradually deposited 
the crude ester as a yellow solid (1 g.). After recrystallising four times from ethyl alcohol 
(norit), the pure ester was obtained in pale yellow, microcrystalline needles, m. p. 144° (Found : 
C, 79-6; H, 6-0. C,,H,.O, requires C, 79-5; H, 6-0%). 

The ester decolorised permanganate immediately and was readily saponified by heating 
with methyl-alcoholic potassium hydroxide. The colour of the purest specimens (repeatedly 
boiled with norit in alcohol) was a pale cream; the solution in alcohol possessed a strong blue 
fluorescence. 

The yield is variable (the purity of the bromoacetic ester is one factor), and the isolation and 
complete purification of the ester a matter of some inconvenience, but it is to be preferred to 
saponifying the reaction product and working up the acid, because the latter is very sparingly 
soluble and difficult to purify. When working with larger quantities or successive preparations, 
mother-liquors may be used for fresh extractions. 

In the course of the purification the ester sometimes separates in large plates, but further 
crystallisation always gives micro-needles. 

4-Methoxy-1 : 2-cyclopentenophenanthrene-3'-acetic Acid.—The unsaturated ester was shaken 
in warm alcoholic solution with palladised norit under. hydrogen. When absorption had 
ceased, the solution of the dihydro-ester (colourless but exhibiting a lilac fluorescence) was 
evaporated, and the residue saponified with methyl-alcoholic potassium hydroxide. After 
removal of most of the alcohol the residue was acidified; the precipitated acid, crystallised from 
aqueous acetic acid, had m. p. 169° (Found: C, 78-4; H, 5-8. C, 9H,,0, requires C, 78-4; 
H, 59%). 

The saturated ester and acid are much more readily soluble than the corresponding 
unsaturated compounds. 

Ethyl 4: 7-Dimethoxy-1 : 2-cyclopentenophenanthrylidene-3'-acetate (KX XVI).—A mixture of 
3’-keto-4 : 7-dimiethoxy-1 : 2-cyclopentenophenanthrene (12 g.), pure ethyl bromoacetate (8 g.), 
zinc wool (2-7 g.), and a little iodine was refluxed in a large volume of solvent (2 parts of benzene 
to 1 part of toluene) for 6—8 hours. The product was decomposed by refluxing for several 
hours with dilute sulphuric acid, the liquid filtered, and the toluene—benzene layer separated, 
washed, and concentrated toa small bulk. The hot liquid was poured into water, and the rapidly 
precipitated solid collected, washed with alcohol, and dried at 100° (yield, 11-5g.). This material 
was employed for further experiments without purification. The ester crystallised from toluene 
in interlaced needles, m. p. 192° (Found : C, 76-1; H, 6-2. C,,;H,,O, requires C, 76-2; H, 6-1%). 
It was practically unchanged by boiling for several hours with methyl-alcoholic potassium 
hydroxide. 

1:2:3:4:9: 10:11: 12-Octahydro-1 : 2-cyclopentenophenanthrene-3'-acetic Acid (X XVII). 
—Ethyl 4-methoxy-1 : 2-cyclopentenophenanthrylidene-3’-acetate (4-4 g.) in ethyl alcohol 
(30 c.c.) together with a Raney nickel catalyst was placed in a pressure hydrogenator, and 
hydrogen admitted at ca. 45 atms. Heating was commenced and at 160° shaking was also com- 
menced; the temperature was raised to 200—220°, and the pressure kept at ca. 65 atms. by 
removing hydrogen as required during the period at which the temperature was rising. Shaking 





























; 
4 
y 
3 
> 
: 


384 Robinson and Slater: Experiments on the Synthesis of 


and heating were continued for 8 hours. After cooling, the catalyst was separated and washed 
several times with hot alcohol, giving a colourless non-fluorescent solution. Removal of the 
solvent yielded a viscous, pleasant smelling liquid which could not be crystallised. It was 
therefore saponified by refluxing for 20 minutes with excess of methyl-alcoholic potassium 
hydroxide. Most of the methyl alcohol was then evaporated (water being added to keep the 
volume constant); acidification with dilute hydrochloric acid precipitated a sticky dough-like 
mass. This was dissolved in potassium carbonate solution, and the hot solution extracted with 
benzene. The alkaline layer was boiled to remove benzene, cooled, and acidified, and the pre- 
cipitated acid dissolved in hot ethyl alcohol (norit) and filtered, yielding a clear water-white 
solution. Water was added to produce a slight cloudiness and most of the alcohol was then 
evaporated, and the residue poured into water. The precipitated acid (fraction 1) was a rather 
sticky solid and a further amount of material of a harder, more nodular character was quickly 
deposited from the filtrate (fraction 2). Both fractions were dried in a vacuum desiccator, 
fraction 1 becoming harder and more nodular on keeping. 

Fraction 1 was dissolved in boiling glacial acetic acid; on standing, a white crystalline mass 
was slowly deposited. This was collected, and the filtrate diluted with water and kept for 
several days, whereby the precipitated oil slowly solidified. This material was collected and 
recrystallised from a small quantity of glacial acetic acid (fraction 1A). The bulk of fraction 1 
was dissolved in glacial acetic acid and the material which crystallised on standing was collected 
and dried first in a vacuum desiccator over caustic potash and then in a drying pistol at 100° 
in a vacuum (fraction 1B). The mother-liquors on standing deposited further crystals, which 
were collected and dried as above (fraction 1C). The mother-liquors on standing in the ice- 
chest for some days deposited a small amount of crystalline material, which was collected and 
dried as above (fraction 1D). 

Fraction 2 was dissolved in boiling glacial acetic acid; on standing, crystalline material 
was slowly deposited. This was collected and dried (fraction 2A). The mother-liquors on 
standing for several days deposited a further small crop of crystals, which were collected and 
dried (fraction 2B). The mother-liquors were kept in the ice-chest, but no further significant 
amount of material was deposited. 

The melting points and analytical figures for these fractions are given below : 

Fraction 1A: This melted over a wide range and was obviously a mixture. It was not 
further examined. Fraction 1B: m. p. 196° after previous softening (Found: O-CHs;, 0-0; 
C, 80-4; H, 8-0. C,,H,,O, requires C, 80-3; H, 85%). Fraction 1C: m. p. 195° after previous 
softening. Fraction 1D: m. p. 147—148° after previous softening. Fraction 2A: m. p. ca. 
184—-188° (with darkening) after previous softening (Found: O-CH;, 0-0; C, 80-1; H, 8-3. 
C,,H,,O, requires C, 80-3; H,8-5%). Fraction2B: m. p. 149° after previous softening (Found : 
C, 80-0; H, 8-3. C,H,,O, requires C, 80-3; H, 8-5%). 

The acid, therefore, is obtained in two isomeric forms. The main product is isomer-A 
(m. p. 196°), and isomer-B (m. p. 148°) is present in small amount only. 

Hydrogenation of Ethyl 4: '1-Dimethoxy-1 : 2-cyclopentenophenanthrylidene-3'-acetate.—The 
ester (11 g.) in ethyl alcohol (120 c.c.) was shaken in hydrogen at 200—220°/65 atms. for 7 hours. 
On cooling, crystalline material had separated; a further 280 c.c. of alcohol were therefore 
added, and the boiling solution (coloured and possessing a slight fluorescence) filtered from the 
catalyst. On standing overnight, crystals were depositied (3-9 g.),m. p. 105°. These were taken 
up in boiling alcohol; on cooling, ethyl 4 : 7-dimethoxy-1 : 2-cyclopentenophenanthrene-3' -acetate 
separated in pale yellow plates, m. p. 106—107° (Found: C, 75-8; H, 6-6. C,3H,,O, requires 
C, 75:8; H, 66%). 

The mother-liquor was evaporated to a small volume; on standing, a small amount of amor- 
phous material was deposited, followed by a further quantity of the above ester (1-4 g.), m. p. 
(recrystallised) 105—106°. This specimen was practically colourless. The substance in the 
mother-liquors could not be isolated. 

In a second experiment the ester (11 g., unpurified product from the Reformatzky reaction) 
in ethyl alcohol (120 c.c.) was hydrogenated in the presence of Raney nickel at 200°/65 atms. 
for 8 hours. The product contained yellow crystals and was therefore brought up to a volume 
of 400 c.c. with more alcohol, and the solution boiled and filtered from the catalyst. On stand- 
ing, pale yellow plates were deposited (3-9 g.), m. p. (recrystallised from alcohol) 105—107° 
(Found : C, 75-8; H, 69%). The filtrate was evaporated to a small bulk and a further crop 
of the dihydro-ester was obtained (1-4 g.), m. p. (recrystallised) 105—-106°. 

The mother-liquors were now evaporated completely, and the residue saponified with excess 
of methyl-alcoholic potassium hydroxide. After distillation of most of the methyl alcohol, with 
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the addition of water to keep the volume constant, the product was acidified with dilute hydro- 
chloric acid, and the precipitated acid collected and dissolved in boiling glacial acetic acid. 
On standing at room temperature there was no deposition, but on standing in the ice-chest the 
whole solidified and on gentle warming the acetic acid melted, leaving behind a small amount of 
buff-coloured material (350 mg.). This was crystallised from methyl alcohol (norit), giving the 
dihydro-acid, m. p. 197° (Found: C, 74-6; H, 6-1. C,;H, O, requires C, 75-0; H, 6-0%). 

The acetic acid mother-liquors failed to yield any further crystalline material. 

Hydrogenation of Ethyl 4: 7-Dimethoxy-1 : 2-cyclopentenophenanthrene-3' -acetate.—The ester 
(3-7 g.) in ethyl alcohol (30 c.c.) was hydrogenated in the presence of Raney nickel at 200—220° /65 
atms. for 8 hours. After removal of the catalyst and distillation of the solvent a pleasant- 
smelling, viscous liquid was left. This was saponified with excess of methyl-alcoholic potassium 
hydroxide, and the methyl alcohol evaporated with the addition of water. Acidification 
gave a sticky deposit of crude acids, which was dried, dissolved in boiling light petroleum 
(b. p. 100—120°), boiled with norit, filtered, and kept overnight. Nodules were deposited 
(fraction 1, 750 mg.). The mother-liquors were kept in the ice-chest and deposited a further 
amount of acid (fraction 2, 120 mg.). The petroleum mother-liquors were extracted with 
potassium carbonate solution; the alkaline layer, after boiling to free it from adhering solvent, 
was cooled and acidified, yielding another acid fraction, which was collected and dried (fraction 
3, 2 g.). 

These fractions were examined separately as follows: Fraction 1. This was dissolved in 
boiling glacial acetic acid; after standing at room temperature for 6 hours, the material 
deposited (nodules adhering in chains) was collected and dried, m. p. ca. 178° after previous 
softening (Found: C, 78-7; H, 8-1. C,9H,,O; requires C, 76-4; H, 8-3%). 

The mother-liquors on standing in the ice-chest solidified. On gentle warming the acetic 
acid melted and the remaining solid material was collected and dried, m. p. ca. 180° after 
previous softening (Found: C, 78-5; H, 8-2%). 

The mother-liquors were heated to boiling and diluted to cloudiness with water; the material 
deposited on cooling melted over a wide range. It was dissolved in hot methyl alcohol; on 
standing, material was deposited, which formed a viscous opalescent liquid at ca. 172° (after 
previous softening) but became clear and mobile at 178°. | 

Fraction 2. This melted at ca. 150—170° and was not further investigated. 

Fraction 3. This was dissolved in boiling glacial acetic acid; on long standing, a small 
amount of material separated, m. p. 190—193° after recrystallisation (Found: C, 80-2; H, 8-6. 
C,,H,,O0, requires C, 80-3; H, 8-4%). The mother-liquors slowly deposited a further fraction, 
m. p. ca. 140—150°. 

Evidently the hydrogenation in this experiment went too far. Two methoxyl groups 
have been eliminated with formation of C,,H,,O, and the product, m. p. ca. 178°, 180°, is 
apparently a mixture of C,,H,,0, and C,.H,,O3. 

Ethyl 7-Methoxy-1:2:3:4:9:10: 11: 12-octahydro-1 : 2-cyclopentenophenanthrene - 3’ - 
acetate (XX VIII).—Ethyl 4 : 7-dimethoxy-1 : 2-cyclopentenophenanthrylidene-3’-acetate (14 g., 
crude) in alcohol was hydrogenated at ca. 200°/65 atms. in the presence of Raney nickel catalyst 
for 16 hours, and the product filtered hot from the catalyst; the catalyst was washed several 
times with boiling alcohol. As there was still a considerable amount of dihydro-ester present, 
the hydrogenation was repeated after distillation of some of the alcohol. A second run was made, 
similar quantities being used; this time there did not appear to be any of the dihydro-ester present 
after one operation and the product was combined with the doubly reduced product from the 
first run, and the crude esters distilled. The following fractions were collected: (a) up to 
210°/0-5 mm. (1-7 g.), (6) 218—222°/0-5 mm. (10-8 g.), (c) 234——-254°/0-5 mm. (8-5 g.). 

Fraction (b) was redistilled, and the middle portion collected (6-7 g.) (Found: C, 77-6; 
H, 8-6. C,,H;,0, requires C, 77-2; H, 8-8%). Fractions (a) and (c) and the first and the last 
runnings from the redistillation of (b) were combined, subjected to rehydrogenation under 
conditions similar to those previously employed, giving, finally, 10-5 g. of a distillate which was 
redistilled, giving the fractions: (a) 180—200°/0-4 mm. (2-6 g.), (6) 208—215°/0-4 mm. (6-5 g.) 
(Found: C, 77-0; H, 8-5%). The total yield of the required ester is therefore 13-2 g., which 
represents 84% of the final distillates. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, May 15th, 1941.] 





386 Robinson and Weygand: Experiments on the Synthesis of 


73. Experiments on the Synthesis of Substances related to the Sterols, 
Part XXX. 


By Sir RoBErT ROBINSON and F. WEYGAND. 


The method of Du Feu, McQuillin, and Robinson (Part XIV, J., 1937, 53; cf. 
Rapson and Robinson, J., 1935, 1285) is essentially the condensation of the metho- 
salt of a 8-dialkylamino-ketone with a cyclic ketone and it was shown that 2-methyl- 
cyclohexanone affords (I) as the main product in the case illustrated below. 


CH, NEtMe}l aw, Us 
\ cH, NaNH, a6 . a (I) + H,O + NEt,Me 


CO NOSK 


The new ring is constituted like one of the terminal nuclei of testosterone (II) and 
we have carried the development a stage further by applying the synthesis to 1-methyl- 
2-decalone. The product was proved to be (III) by degradation to ong tin 


OH 


>) of a 
vO V/ yO< od 


(II.) (III.) (IV.) 


and 2-hydroxyphenanthrene. There is accordingly little doubt that the synthesis 
of testosterone could be effected if the intermediate (IV) were available in the correct 
stereoisomeric modification. Other experiments described in this communication 
were made with the object of introducing a reactive group in ring C and are of a 
preliminary nature. 

The condensation of ethyl acetoacetate with 1 : 5-dihydroxynaphthalene has been 
studied because the dicoumarin has a molecular shape and disposition of oxygen 
atoms that have some resemblance to the corresponding features of the sex hormones. 


THE preparation of 1-methyl-2-naphthol by reduction of methylenedinaphthol (Fries and 
Hiibner, Ber., 1906, 39, 439) was found to be unsatisfactory in its original form, but con- 
sistent results are obtainable by use of the modification described in the experimental 
section. An alternative procedure which may be of value in the case of less accessible 
intermediates is the catalytic reduction of 2-hydroxy-l-naphthaldehyde. The full reduc- 
tion of 1-methyl-2-naphthol was effected by hydrogen at 3 atms. in acetic acid solution 
in the presence of Adams’s catalyst. The resulting 1-methyl-2-decalol is doubtless a mixture 
of stereoisomerides, but these are probably all derivatives of cis-decalin because reduction 
in acetic acid solution is known to promote the formation of cis-2-decalols from $-naphthol 
(cf. Hiickel, Mentzel, Brinkmann, and Kamenz, Amnalen, 1926, 451,109). In confirmation 
it may be mentioned that the hydrogenation of 2 : 6-dihydroxynaphthalene under similar 
conditions afforded cis-2-decalol, m. p. 104°. This elimination of one hydroxyl group is 


an indication that the group C=C-C(OH) is produced in an intermediate stage and perhaps 
by way of the steps : 


\ be i Vi 
wc QO lO 
HONG \ \ 


2 : 6-Dimethoxynaphthalene and 2: 6-diacetoxynaphthalene also gave deoxygenated 
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products on catalytic reduction; sodium and ésoamyl alcohol reduced the dimethyl ether 
to a dihydro-derivative, probably (V). 


oN ‘OMe 


a cok 


(VI.) 


Oxidation of vii -decalol by means of chromic acid afforded 1-methyl-(cis)-2- 
decalone (V1), which, assuming the cis-decalin configuration, might exist in two stereoiso- 
meric forms. The ketone was purified by way of a crystalline semicarbazone and there- 
fore in all probability is a pure substance. Under the conditions of the condensation to 
a tricyclic ketone the labile -CHMe*CO- group will certainly assume its more stable arrange- 
ment, which by analogy will be that in which the methyl group is ¢vans with respect to 
the non-oxygenated cyclohexane ring. It would not be safe, however, to premise that this 
arrangement persists when a second carbon atom is attached to the 1-position, because 
the methyl group will “‘ sit on the fence ” in a neutral position in the ion of the enolic form 
of the ketone and may fall either way. 

Hence the ketone (III) obtained from (VI) by the method indicated in the summary 
(above) may be a mixture of two stereoisomerides and if it is a pure substance there is no 
sound indication of the disposition of the methyl group relative to ring C. Dehydro- 
genation of (III) to phenanthrene and 2-phenanthrol was effected by heating with selenium. 

Acetylation of 2-methoxy-l-methylnaphthalene by means of the Friedel-Crafts re- 
action furnishes an excellent yield of 6-methoxy-5-methyl-2-acetonaphthone (VII), from 
which the corresponding @-naphthoic acid (VIII) is readily obtained by oxidation with 
sodium hypochlorite. On catalytic hydrogenation of the related phenolic acid the hydroxyl 
group was eliminated and the methyldecahydro-2-naphthoic acid (IX) was produced. 


Viv CH, 


OMe CO,H NG \. 
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\ CH ie 
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hark CH, 
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These observations on the reduction of 8-naphthols substituted in position 6 suggested 
that the desired intermediates must be acquired by nuclear synthesis, and some progress 
in this direction is recorded in the next paper. 

The condensation of 1 : 5-dihydroxynaphthalene with ethyl acetoacetate was effected 
by means of alcoholic hydrogen chloride and irrespective of the amount of the ester em- 
ployed the sole product was (X). The introduction of the second «-pyrone ring is possible 
but difficult. The dicowmarin (XI) is obtained when (X) is heated at 120° with ethyl 
acetoacetate and sulphuric acid. 


CMe 


\ 
9 yi 
(XI.) 
oc/ 
HCy. 
CMe 


EXPERIMENTAL. 


1-Methyl-2-naphthol._—A mixture of 8-naphthol (100 g.), water (500 c.c.), potassium hydroxide 
(120 g.), and aqueous formaldehyde (50 c.c. of 40%) was heated for an hour on the steam- 
bath; the formation of methylenedinaphthol was then complete, as was shown by the negative 
chloroform reaction (8-naphthol gives a blue coloration when heated with chloroform and aqueous 
alcoholic sodium hydroxide). Zinc (250 g.) was introduced with stirring and followed by the 
gradual addition of a solution of cuprammonium nitrate (copper nitrate, 20 g.; water, 30 c.c. ; 
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and enough ammonia to give a clear solution). Heptanol was added to prevent frothing and 
if the reaction became too violent it was controlled by cooling. After 1—2 hours the mixture 
was transferred to a copper flask, and refluxed for 14—16 hours. The warm liquid was filtered 
(pump), and the zinc residue washed with aqueous sodium hydroxide (150 c.c. of 10%). After 
addition of formaldehyde solution (40 c.c. of 40%) the solution was heated for an hour on the 
steam-bath. Zinc (200 g.) and cuprammonium solution (20 g. of copper nitrate) were again 
added with stirring and heating on the steam-bath and after 2 hours the mixture was refluxed 
for 14—16 hours in the copper flask. After filtration the zinc residue was washed with aqueous 
sodium hydroxide (150 c.c. of 10%), formaldehyde (40 c.c. of 40%) added, and the mixture 
heated for an hour on the steam-bath. It was not found worth while to carry out a third 
reduction and condensation. The cooled solution was acidified with hydrochloric acid, and the 
precipitate collected, dried, and distilled, b. p. 180°/12 mm.; m. p. 109—110° after recrystallis- 
ation from benzene-light petroleum (b. p. 40—60°) (yield, 45—55 g.). 

If 2-methoxy-1-methylnaphthalene was required, the solution was not acidified but methyl- 
ation was effected by the gradual addition of methyl sulphate (150 c.c.) and enough aqueous 
sodium hydroxide (30%) to keep the solution always alkaline. The product, isolated in the 
known manner, had b. p. 145—150°/12 mm., m. p. 38—40° (yield, 40—59 g.). 

1-Methyl-2-decalol.—_1-Methyl-2-naphthol (10 g.) in acetic acid (40 c.c.) together with 
platinum oxide (1-5 g.) was shaken under hydrogen (3—4 atms.). After 20 hours absorption 
of hydrogen ceased (about 7 mols. taken up). The solvent was evaporated under diminished 
pressure, and the oily residue shaken with N-sodium hydroxide (30 c.c.) and light petroleum 
(30 c.c., b. p. 40—60°). The dried solution was evaporated, and the residue distilled; the main 
fraction had b. p. 121—123°/16 mm., nj™ 1-5000 (yield, 7-0 g.) (Found: C, 78-6; H, 11-9. 
C,,H,.9O requires C, 78-5; H, 12-0%). 

1-Methyl-2-decalone (V1).—1-Methyl-2-decalol (2-9 g.) was added to a solution of potassium 
dichromate (3-5 g.) in water (18 c.c.) and concentrated sulphuric acid (3 c.c.) and vigorously 
stirred; the temperature rose to 65°. After cooling to 55°, the mixture was kept for 10 minutes 
at that temperature and then allowed to cool. The ketone was isolated by means of ether and 
directly converted into its semicarbazone (yield, 1-75 g. of ketone, calc. from semicarbazone). 
The semicarbazone crystallised from aqueous alcohol in bunches of needles, m. p. 185—191° 
(Found: C, 64-6; H, 9-4; N, 18-8. C,,H,,ON, requires C, 64-5; H, 9-5; N, 18-9%). 

Hydrolysis of the semicarbazone (10 g.) was effected by boiling for 30 minutes with a solu- 
tion of oxalic acid (50 g., cryst.) in water (175 c.c.). The ketone, isolated in the usual way, 
had b. p. 117—120°/15 mm., »}"1-4898. 

The 2: 4-dinitrophenylhydrazone, purified by filtration of a benzene solution through 
alumina, crystallised from much alcohol in long, slender needles, m. p. 144—146° (Found: C, 
59-0; H, 6-4; N, 16-2. C,,H,,0O,N, requires C, 58-9; H, 6-4; N, 16-2%). 

Semicarbazone of 2-Keto-12-methyl-A1*1!-dodecahydrophenanthrene (III).—A mixture of 
1-methyl-2-decalone (6-5 g.), dry ether (20 c.c.), and powdered sodamide (3-0 g.) was stirred 
at 20° for 6 hours under nitrogen. A solution of 4-diethylaminobutan-2-one methiodide (23 g.) 
in absolute alcohol (20 c.c.) was then added, and stirring continued at room temperature for 
3 hours; the mixture was then refluxed for 3 hours. Water was added to the cooled solution 
with agitation, and the ethereal layer separated, dried with sodium sulphate, and distilled. 
The fraction (2-8 g.), b. p. up to 126°/16 mm., consisted of the unchanged methyldecalone ; 
that having b. p. 126—190°/16 mm. (1-6 g.) afforded a semicarbazone (0-7 g.), which, recrystallised 
from dioxan-alcohol, formed small needles (0-5 g.), m. p. 225—230° (decomp.) (Found: C, 
69-9; H, 8-9; N, 15-6. C,,H,,ON, requires C, 69-7; H, 9-2; N,-15-3%). 

Dehydrogenation.—The above semicarbazone (0-4 g.) was refluxed for 2 hours with a solution 
of oxalic acid (2-5 g., cryst.) in water (10 c.c.). The ketone formed was isolated and heated 
with selenium (1-0 g.) for 16 hours at or about 340°. The melt was extracted with hot benzene, 
the solvent removed, and the residue sublimed at 0-02 mm. A substance (A) sublimed at a 
bath-temperature of 90—100° and a second substance (B) sublimed at 160° (bath). The two 
substances occutred in different zones of the tubular receiver and could easily be separated. 
(A) (30 mg.) was insoluble in aqueous alkali and proved to be phenanthrene; it crystallised 
from light petroleum (b. p. 40—60°) in colourless leaflets, m. p. 86—89°, 90—92° after recrystal- 
lisation, 92—94° when mixed with phenanthrene (m. p. 95—96°). If the original ketone had 
been an anthracene derivative, the hydrocarbon produced might have been anthracene, m. p. 
216°, or 9-methylanthracene, yellowish-green crystals, m. p. 81°. 

The product (B) (21 mg.) was soluble in aqueous sodium hydroxide and was precipitated 
when the solution was acidified. Crystallised from benzene—light petroleum, it had m. p, 
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164—164-5°. A sample of 2-hydroxyphenanthrene was prepared by fusion of phenanthrene- 
2-sulphonic acid with potassium hydroxide. It had m. p. 163—164° and a mixture of the two 
specimens had m. p. 163—163-5°. The colourless leaflets had the same superficial characters. 
2-Hydroxyphenanthrene (Werner and Kunz, Ber., 1901, 34, 2524) is stated to melt at 168° 
(corr.); the above m. p.’s are uncorrected. 

1 : 1’-Methylenebis-2-hydroxy-6-methoxynaphthalene.—This substance was prepared because 
it is a possible intermediate for 2-hydroxy-6-methoxy-1-methylnaphthalene. 

A mixture of 2-hydroxy-6-methoxynaphthalene (3-3 g.), aqueous formaldehyde (1 c.c. of 
40%) (a further 1 c.c. was added after 30 minutes), and N-sodium hydroxide (40 c.c.) was heated 
on the steam-bath for an hour. The product gave no coloration with chloroform and aqueous 
alcoholic sodium hydroxide. It was isolated by acidification and crystallisation from alcohol; 
m. p. 202° (Found: C, 76-8; H, 5-4. C,,H,.O, requires C, 76-6; H, 5-6%). When the con- 
densation was carried out in acetic acid solution, the product was always coloured, probably 
by a dinaphthapyrylium salt. 

2 : 6-Dihydroxy-1-naphthaldehyde.—This substance has been described by Gattermann 
(Annalen, 1907, 357, 343) as yellow needles, m. p. 185—190° (decomp.). The convenient 
method of Adams (J. Amer. Chem. Soc., 1923, 45, 2375) is satisfactory in this case. 

Hydrogen chloride was passed during 30 minutes into a mixture of technical 2 : 6-dihydroxy- 
naphthalene (15 g.), zinc cyanide (25 g.), and benzene (80 c.c.) cooled in ice and salt; the tem- 
perature was then raised to, and kept for 2} hours at, 40—45° with occasional introduction of 
hydrogen chloride. The cooled mixture was stirred for 1 hour with water (70 c.c.) and con- 
centrated hydrochloric acid (30 c.c.) and then boiled for 1 hour. On cooling, the aldehyde 
crystallised from both layers; recrystallised from aqueous alcohol, it had m. p. 186—189° 
(decomp.) (yield, 10-7 g.). 

The intention to reduce this aldehyde to 2 : 6-dihydroxy-1-methylnaphthalene was abandoned 
when it was found that deoxygenation of 2 : 6-dihydroxynaphthalene occurs in the course of 
its hydrogenation. However, 2-hydroxy-l-naphthaldehyde was reduced as a model and the 
following method gave an excellent yield. A solution of the hydroxy-aldehyde (5 g.) in acetic 
acid (20 c.c.) was dropped into boiling acetic acid (100 c.c.) and copper-coated zinc dust (50 g.) 
during 1} hours. The mixture was then refluxed for 1 hour, and the product worked up in 
the usual way; m. p. 108—109°. There was a small by-product of higher m. p. 

Reduction of 2 : 6-Dihydroxynaphthalene.—The conditions were those used for the reduction 
of 2-hydroxy-l-methylnaphthalene [3-0 g. of the dihydroxynaphthalene in 40 c.c. of acetic acid ; 
two portions (0-5 g. each) of platinum oxide]. The product was isolated in the known manner 
and crystallised from light petroleum (b. p. 60—80°); m. p. 103-5—104-5° (Found: C, 77-6; 
H, 12-0. Calc. for Cj)H,,0: C, 77-9; H, 11-8%). The substance is therefore cis-f-decalol, 
m. p. 104°. In the above experiment 2-3 1. of hydrogen were absorbed, corresponding to 
saturation of five double bonds (calc., 2-2 1.). cis-8-Decalol was, however, the only isolable 
product when the reduction was interrupted after 1-7 1. of hydrogen had been absorbed. 
Analysis of the products showed that 2 : 6-dimethoxynaphthalene suffered loss of a methoxy- 
group on hydrogenation in the presence of Adams’s catalyst, and deoxygenation also occurred 
in the reduction of 2 : 6-diacetoxynaphthalene. 

2 : 6-Dimethoxydihydronaphthalene (V, or A?**).—A mixture of 2 : 6-dimethoxynaphthalene 
(4 g.) (m. p. 150°), isoamyl alcohol (100 c.c.), and cut sodium (10 g.) was refluxed for 2 hours. 
isoAmyl alcohol (50 c.c.) was then added, and refluxing continued for 5 hours more. Water 
was added, and the undried organic layer distilled; the residue solidified on cooling. The 
product, crystallised from alcohol, had m. p. 83—84°, unchanged by recrystallisation (Found : 
C, 76-2; H, 7:3; OMe, 32-2. C,,H,,O, requires C, 75-7; H, 7-4; 20Me, 32-6%). This sub- 
stance appears to be homogeneous and it is hoped that an opportunity will be found to return 
to its investigation in greater detail. 

6-Methoxy-5-methyl-2-acetonaphthone (VII).—A direct proof of the constitution of this 
substance cannot be given, but the conditions employed are those under which 2-methoxy- 
naphthalene is acetylated in position 6 (Haworth and Sheldrick, J., 1934, 864; cf. Robinson 
and Rydon, J., 1939, 1395) and in other work in this laboratory it has been found that 1-chloro- 
2-methoxynaphthalene behaves similarly. 

Finely powdered aluminium chloride (130 g.) was added to nitrobenzene (600 c.c.) with 
stirring and cooling in ice; 2-methoxy-1-methylnaphthalene (118 g.) and acetyl chloride (70 g.) 
were then successively introduced with continued agitation and cooling. After a short time 
the mixture was allowed to reach room temperature and kept for 48 hours. It was decomposed 
by ice and concentrated hydrochloric acid, diluted with chloroform (300 c.c.), and the organic 
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layer washed several times with water, separated, and steam-distilled. The residue in the flask 
crystallised and was purified by recrystallisation (charcoal) from aqueous alcohol (yield, 70— 
80%). The substance crystallised from alcohol in colourless leaflets, m. p. 97—98° (Found : C, 
78:5; H, 6-5. C,.H,,O, requires C, 78-5; H, 6-6%). 

The 2: 4-dinitrophenylhydrazone was sparingly soluble in the usual organic solvents, and 
formed red prisms, m. p. 282—283°, from nitrobenzene. 

The oxime, obtained by the pyridine method, crystallised from alcohol in colourless needles, 
m. p. 171° (Found: C, 72-9; H, 6-7; N, 5-9. C,,H,,0O,N requires C, 73-3; H, 6-6; N, 6-1%). 

Demethylation of the ketone (5-0 g.) was effected by boiling for 2 hours with acetic acid 
(50 c.c.) and hydriodic acid (10 c.c., d 1-7). After addition of sulphurous acid the precipitate 
was dissolved in aqueous sodium hydroxide, reprecipitated, dried, and sublimed in a high 
vacuum. The sublimate, crystallised from alcohol, had m. p. 164° (Found: C, 78-1; H, 6-2. 
C,,;H,,0, requires C, 78-0; H, 60%). The oxime of this 6-hydroxy-5-methyl-2-acetonaphthone 
gave a non-phenolic base on catalytic reduction, another example of the elimination of hydroxyl 
in a 6-substituted 6-naphthol. 

6-Methoxy-5-methyl-2-naphthoic Acid (VIII).—A suspension of finely powdered methoxy- 
methylacetonaphthone (5 g.) in aqueous sodium hypochlorite (50 c.c. of 18%) and n-sodium 
hydroxide (400 c.c.) was stirred on the steam-bath. When the temperature reached 95°, 
further hypochlorite solution (20 c.c.) was added and after a short time the solution was boiled 
for 10 minutes. The sodium salt of the new acid soon began to crystallise from the hot liquid. 
Boiling water was added to redissolve the salt and sulphur dioxide was passed through the 
cooled solution. The precipitate was collected and crystallised from acetic acid, forming 
white prisms (4-1 g.). A portion sublimed in a high vacuum had m. p. 266—267° (Found : 
C, 72:3; H, 5-5. C,3H,,0, requires C, 72-2; H, 5-6%). This acid is sparingly soluble in the 
usual organic solvents, moderately readily soluble in hot acetic acid, and more readily soluble 
in hot dioxan. 

Demethylation (of 4-0 g.) by a boiling mixture of acetic acid (50 c.c.) and hydriodic acid 
(16 c.c., d 1-7) was complete in 2 hours. The colourless prisms obtained from aqueous acetic 
acid were sublimed in a high vacuum; m. p. 247—249° (Found: C, 71:4; H, 5-0. C,.H,,0, 
requires C, 71-3; H, 50%). ; 

1-Methyldecalin-6-carboxylic Acid (IX).—The last-described 6-hydroxy-5-methyl-2-naphthoic 
acid (5-0 g.), dissolved in acetic acid (40 c.c.), was shaken under hydrogen with Adams’s catalyst 
(2-0 g.) at 40°. Absorption of the gas ceased after 30 hours (2-1 1.; calc. for five double bonds, 
2-8 1.). The product was distilled, b. p. 170°/12 mm.; the distillate at once crystallised com- 
pletely. The acid, recrystallised from light petroleum (b. p. 40—60°), had m. p. 127—128° 
(Found: C, 73-4; H, 9-9. Cy,H,,O, requires C, 73-4; H, 10-3%). All these troublesome 
eliminations of the B-naphtholic hydroxyl occurred with the use of a platinum oxide catalyst 
and it will certainly be worth while to explore the possibilities of the use of Raney nickel and 
copper chromite as well as to attempt full reduction in definite steps. 

6'-Hydroxy-4-methyl-7 : 8-benzocoumarin (X).—Hydrogen chloride was led into a cooled 
mixture of 1 : 5-dihydroxynaphthalene (4-0 g.), ethyl acetoacetate (10 g.), and alcohol (40 c.c.), 
whereby the temperature rose to 30°. After 14 hours the crystals had filled the solution. 
After a few hours’ passage of the gas without cooling, the product was collected, washed with 
cold alcohol, and dried (4-9 g., and 0-3 g. on addition of water to the mother-liquor). The 
substance crystallised from pyridine in flat prisms, m. p. 299—302° (decomp.) (Found in material 
dried at 100°/0-5 mm. : C, 74:1; H, 4-4. C,,H,,O; requires C, 74-4; H,4:5%). It is sparingly 
soluble in the usual organic solvents, soluble in cold aqueous sodium hydroxide to a yellow 
solution. It couples with diazo-salts to azo-compounds and gives a green coloration with 
chloroform and hot aqueous alcoholic sodium hydroxide. It sublimes on heating in a high 
vacuum. The condensation can also be effected (yield, 2-2 g. from 2 g. of the dihydroxy- 
naphthalene) by means of an ethereal solution of aluminium chloride (Shah’s reagent). 

The p-nitrobenzoate, obtained by the action of p-nitrobenzoyl chloride in cold pyridine 
solution, crystallised from pyridine in elongated, lemon-yellow prisms; recrystallised from 
acetic acid, it had m. p. 262° (Found: C, 67-0; H, 3-6; N, 3-9. C,,;H,,;0,N requires C, 67-2; H, 
3-5; N, 37%). This intensely yellow substance gives a colourless solution in hot acetic acid. 

4: 4'-Dimethyl-7 : 8 : 8’ : '1'-coumarinocoumarin (XI).—Concentrated sulphuric acid (10 c.c.) 
was added to a mixture of hydroxymethylbenzocoumarin (5-0 g.), ethyl acetoacetate (10 c.c.), 
and sulphuric acid (10 c.c. of 70%). The mixture was heated (oil-bath at 120°) and during 
} hour two further portions of ethyl acetoacetate (10 c.c.) were added. The bath temperature 
was kept at 110° for 10 minutes, the product cooled, water added, and the solid washed with 
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dilute aqueous sodium hydroxide and crystallised from pyridine (500 c.c.). It sublimed at 290— 
300°/0-05 mm. and did not melt at 360° (Found: C, 74-5; H, 4-0. C,,H,,O, requires C, 74-0; 
H, 4.0%). The dicoumarin does not couple with diazo-salts; it is practically insoluble in the 
common organic solvents. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, May 23rd, 1941.] 





74. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXI. 


By J. G. Cook and Sir ROBERT ROBINSON. 


Earlier work (cf. the preceding communication) has shown how rings A, B, and C 
of testosterone may be constructed and further progress along two lines sought. In 
the first place the synthesis of the hormone itself is not quite out of reach, but, 
secondly, ring C might be provided with reactive groups which would make the 
synthesis of close analogues of the androgenic hormones possible. For the reasons 
mentioned in Part XXX, nuclear synthesis of the appropriate intermediates holds 
out the best hope of success and the present communication deals with some experi- 
ments in this direction. 


Me 
R . ‘ * Me 
Me Me . Zn. Wy 


(I.) (II.) (III.) 


Starting with 4*methoxycyclohexanone, the ketones (I, R = H or Me), (II), and (III) 
have been obtained, and starting with ethyl cyclohexanone-4-carboxylate, the ketones 
(IV), (V), and (VI) were similarly synthesised. 


CO,Et 
Me e 2 
<a 8 
CO,Et 
\ a A 
J (V.) o7 (VI.) 


A preliminary attempt to convert (VI) into (VII), which is a close analogue of 
testosterone,.was made and it is hoped that further work on these lines may be pursued. 


H 
Me Et 2 
(VII.) C ‘oy, - 4 (VIII) 
a Va CH, e 


4-METHOXYcycloHEXANONE was converted into a “‘ Mannich base’’ by reaction with 
paraformaldehyde and diethylamine hydrochloride, but this decomposed on distillation 
and was accordingly converted into a methiodide without purification. 

This salt condensed with ethyl acetoacetate in alcoholic sodium ethoxide and on 
hydrolysis the ketone (I, R = H) was obtained (cf. Du Feu, McQuillin, and Robinson, J., 
1937, 53). This unsaturated ketone could not be converted into an oxide. Reduction 
by the Wolff or the Clemmensen method afforded 6-methoxy-A1*®-octalin (VIII), the chloro- 
hydrin of which could not be obtained. Catalytic reduction of the ketone gave 6-methoxy- 
2-decalone. Ethyl 6-ketovalerate being used instead of ethyl acetoacetate, the correspond- 
ing 1-methyl derivatives (I, R = Me) and (II) were obtained. (II), condensed with diethyl- 
aminobutanone methiodide in ethereal solution in the presence of sodamide, furnished 
(III), which may prove a useful intermediate. 
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The synthesis of (VI) has been effected by an analogous process and this substance 
also is well adapted to serve as a basis for attempts to make compounds related to the 
androgens. 


EXPERIMENTAL. 


6-Methoxy-A1**-2-octalone (I, R = H).—A mixture of 4-methoxycyclohexanone (12 g.), 
diethylamine hydrochloride (12 g.), paraformaldehyde (3 g.), and alcohol (5 c.c.) was refluxed 
for 4 hours. Water was added, and the non-basic material removed by means of ether. The 
aqueous solution was then saturated with potassium carbonate and extracted with ether, and 
the extract dried and distilled. The colourless oil (6-2 g.) had b. p. 175°/20 mm. and was free 
from nitrogen (Found: C, 68-6; H, 8-6%). 

A better result was obtained when the alcohol in this experiment was replaced by water 
and the crude oil (10 g.) obtained was not distilled but converted into the methiodide by mixing 
the components at 0°. Crude methiodide (100 g.) so obtained was washed with ether, dissolved 
in the minimum quantity of alcohol, and added to ethyl sodioacetoacetate (from 10 g. of sodium 
and 54 g. of the ester) dissolved in alcohol (200 c.c.). The solution was refluxed for 4 hours, 
the alcohol evaporated, and the product isolated by addition of water and extraction with 
ether. On distillation a pale yellow oil (19 g.), b. p. 170—175°/20 mm., was obtained. 

For the purpose of analysis, it was found necessary to remove a small quantity of mono- 
cyclic diketone by treatment with either sodium ethoxide in ether or 50% sulphuric acid at 
50°, followed by distillation (Found: C, 73-1; H, 8-9. C,,H,,O, requires C, 73-3; H, 8-9%). 
This unsaturated ketone did not yield an oxide on treatment with hydrogen peroxide and sodium 
hydroxide or with perbenzoic acid in chloroform solution. 

By reaction with methylmagnesium iodide a product, b. p. 125—130°/15 mm., was obtained 
(Found : C, 82-5; H, 10-2. C,,H,,O requires C, 81:0; H,10-1%). This is probably essentially 
a 6-methoxy-2-methylhexalin, but the high value for carbon suggests contamination with an 
impurity derived by elimination of the methoxyl group. 

6-Methoxy-A1**®-octalin (VIII).—(a) Methoxy-2-octalone (1 g.) was refluxed for 12 hours 
with an excess of hydrazine hydrate, the product extracted with ether, and the solution dried 
and evaporated. The residue was dissolved in alcohol (5 c.c.) and heated with sodium ethoxide 
(5 g.) at 180° in a sealed tube for 18 hours. The alcohol was removed, water added, and the 
product isolated by means of ether; it distilled as a colourless, sweet-smelling oil (5 g.), b. p. 
105°/13 mm. 

(b) Methoxyoctalone (3-7 g.) was dissolved in a little toluene and added to zinc amalgam 
(6 g.) and concentrated hydrochloric acid (30 c.c.). The mixture was refluxed for 12 hours, 
cooled, and extracted with ether. On distillation a colourless oil (2-5 g.), b. p. 110°/15 mm., 
was obtained (Found: C, 79-7; H, 10-9. C,,H,,O requires C, 79-5; H, 10-8%). There was 
also obtained a fraction (1-0 g.), b. p. 240°/15 mm. 

An attempt to prepare the chlorohydrin of this methoxyoctalin was unsuccessful. The 
analytical results indicated clearly that the action of hypochlorous acid on the unsaturated 
substance afforded a monochloro-derivative (b. p. 170°/15 mm.). 

6-Methoxy-2-decalone.—A solution of methoxyoctalone (2 g.) in methyl alcohol (20 c.c.) 
was shaken for 18 hours with a palladium-strontium carbonate catalyst (5 g. of 2%) under 
hydrogen at 3atms. The alcohol was removed; the residue distilled as a colourless oil (1-6 g.), 
b. p. 150°/15 mm. (Found: C, 72-5; H, 10-0. C,,H,,O, requires C, 72-5; H, 9-9%). 

6-Methoxy-1-methyl-2-decalone (II).—The crude methiodide of 4-methoxy-2-diethylamino- 
methylcyclohexanone (20 g.) was dissolved in a little alcohol and added to a solution of ethyl 
sodio-B-ketovalerate (1-6 g. of sodium and 10 g. of the ester) in alcohol (70 c.c.). The mixture 
was refluxed for 4 hours, the alcohol evaporated, and water added. 6-Methoxy-1-methyl-A‘*®-2- 
octalone was isolated in the usual way; it distilled as a light yellow oil (4 g.), b. p. 145°/15 mm. 
Analysis indicated admixture with a monocyclic diketone. The crude substance (2-3 g.), 
dissolved in methyl alcohol (20 c.c.), was shaken for 24 hours with hydrogen at 3 atms. in the 
presence of a palladium-strontium carbonate catalyst (5 g. of 2%). On working up in the 
known manner, 6-methoxy-1-methyl-2-decalone was obtained as a colourless, sweet-smelling oil 
(2 g.), b. p. 140°/10 mm. (Found: C, 73-4; H, 10-3. C,,H,9O, requires C, 73-5; H, 10-2%). 

2-Keto-7-methoxy-12-methyl-A1* 11-dodecahydrophenanthrene (III).—A mixture of the above 
saturated ketone (2 g.), sodamide (0-5 g.), and dry ether was refluxed for 8 hours in an atmosphere 
of nitrogen. A solution of diethylaminobutanone methiodide (from 1-6 g. of the base) in alcohol 
(7 c.c.) was added, and refluxing continued for 12 hours. Water was then added, and the pro- 
ducts isolated by means of ether and distilled, giving unchanged ketone (1 g.), b. p. 140°/10 
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mm., and a thick yellow oil (0-7 g.), b. p. 170°/1 mm. (Found: C, 72-5; H, 9-2.. C,.H,,O; 
requires C, 72-2; H, 9-8%). 

Ethyl 1-Methyl-2-decalone-6-carboxylate (V).—An alcoholic solution of ethyl cyclohexanone- 
4-carboxylate (18 g.), diethylamine hydrochloride (12 g.), and paraformaldehyde (3-5 g.) was 
refluxed for 5 hours. Water was then added, and the neutral substances extracted with ether. 
The aqueous solution was basified (potassium carbonate), and the oil collected by means of 
ether. The residual oil (ethyl 2-diethylaminomethylcyclohexanone-4-carboxylate) was con- 
verted into the methiodide by mixing with methyl iodide at 0°. 

The crude methiodide (30 g.), dissolved in a little alcohol, was added to ethyl sodio-8-keto- 
valerate (from 2-3 g. of sodium and 14 g. of ester) in alcohol (70 c.c.), and the mixture refluxed 
for 10 hours. On working up in the usual way, ethyl 1-methyl-A1*®*-2-octalone-6-carboxylate 
(IV) was obtained as a yellow oil (4 g.), b. p. 197°/10 mm. This keto-ester (3-5 g.), dissolved 
in methyl alcohol (10 c.c.), was shaken for 24 hours with hydrogen in the presence of a mixture 
of palladised strontium carbonate and norit. Ethyl 1-methyl-2-decalone-6-carboxylate was 
isolated in the usual way as a colourless oil (3-2 g.), b. p. 180—190°/10 mm. (Found: C, 70-6; 
H, 9-2. C,,H,,O; requires C, 70-4; H, 9-3%). 

Ethyl 2-Keto-12-methyl-A1‘ 11-dodecahydrophenanthrene-7-carboxylate (VI1).—A mixture of 
the above saturated ester (2-5 g.), sodamide (5 g.), and dry ether (25 c.c.) was refluxed for 8 
hours under nitrogen. A solution of the methiodide of diethylaminobutanone (1-5 g. of base) 
in alcohol was added, and the mixture refluxed for a further 14 hours. After addition of water 
and collection by means of ether, distillation afforded uncharfged ester (1 g.), b. p. 140°/1 mm., 
and a thick yellow oil (5 g.), b. p. 180°/1 mm. (Found: C, 74:2; H, 8-7. C,gH,,O, requires 
C, 74:5; H, 83%). This substance was reduced by the Pondorff method (production of acetone 
noted), and the product isolated and treated with ethylmagnesium bromide. The final product 
was isolated and oxidised by the Oppenauer method, giving a thick yellowish oil, which was 
distilled under 1 mm. The substance might, and indeed should, have the structure (VII), 
but the work had to be abandoned before we could satisfy ourselves on this point. Professor 
J. H. Burn found it to be non-androgenic (capon test) in doses of 0-27 g. The #ert.-alcohol 
group may have undergone dehydration. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, May 23rd, 1941.]} 





75. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXII. 


By Str RoBerT Rosinson and J. WILLENZ. 


6-Methoxy-2-acetonaphthone is the starting point of a convenient synthesis of 
3’-keto-1 : 2-cyclopentenophenanthrene derivatives and the work described in this 
communication was undertaken in order to ascertain whether any advantages accrue 
from the use of 5-chloro-6-methoxy-2-acetonaphthone in an analogous series. 

It was expected that the chlorine would be readily eliminated in reduction pro- 
cesses, but this did not prove to be the case. Moreover the tetracyclic substances 
investigated were characterised by inconvenient sparing solubility. The details follow 
in most respects those disclosed in Part XXI and the following special points may be 
noted. 

5-Chloro-6-methoxy-2-acetonaphthone (I) is readily accessible in 80% yield by 
application of the Friedel-Crafts reaction. On hydrolysis of its furfurylidene derivative, 
demethylation does not occur, whereas in the case of the analogous unchlorinated 
compound an additional stage of remethylation is necessary. An interesting transform- 
ation of the ketocyclopentenophenanthrene nucleus has been observed and it has been 
made probable that the first stage of reduction is in the 9 : 10-position. 


THE constitution of 5-chloro-6-methoxy-2-acetonaphthone (I) obtained by the action of 
aluminium chloride on 1-chloro-2-methoxynaphthalene and acetyl chloride in nitrobenzene 
solution is proved by its oxidation to 5-chloro-6-methoxynaphthoic acid, which Robinson 
and Thompson (J., 1938, 2009) obtained by chlorination of an undoubted 6-substituted 
2-methoxynaphthalene and subsequent degradation. Hydrolysis of its furfurylidene 
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derivative by means of aqueous alcoholic hydrochloric acid affords 4 : 7-diketo-7-(5'-chloro- 
6’-methoxy-2'-naphthyl)heptoic acid (II) in about 50% yield. This is smoothly converted 


CO,H-CH, CO CO,H-CH, CO 
\ 


OMe O-CH ‘a 4 
C1 Cl 


(I.) A (III) 


into a cyclopentenoneacetic acid (III) in hot 2% potassium hydroxide solution. Cyclisation 
by means of boiling acetic anhydride gives (IV, R = Ac), and this substance is, on the 
whole, more easy to prepare than the unchlorinated analogue. Various attempts to 
eliminate the chlorine atom by reduction processes failed. In the course of these trials 
the action of hot hydriodic acid was studied and the demethylated product was found to 
have curious properties. As some reduction occurred, the hydriodic acid was replaced by 
hydrobromic acid. The action of a boiling mixture of acetic acid and concentrated hydro- 
bromic acid on (IV, R = Ac) gave a substance, C,,H,,0,Cl, which therefore has the com- 
position of a chlorodihydroxyketocyclopentenophenanthrene. But its colour reactions 
were quite inconsistent with this hypothesis as to its nature and moreover the keto-group, 
if present, is inactive and no evidence of the presence of a keto-methylene group could be 
obtained. On methylation the dimethyl ether, CygH,;0,Cl, was produced and this sub- 
stance was not identical with 8-chloro-3’-keto-4 : 7-dimethoxy-1 : 2-cyclopentenophenanthrene 
(IV, R= Me). It was then found that analogous transformation products could be 
obtained in the series unsubstituted in position 8. We designate these new substances of 
unknown constitution by the prefix apo. 


In regard to the constitution of these apo-compounds we prefer to reserve our specu- 
lations; it is not helpful to regard them as ketocyclohexenophenanthrenes formed by 
migration of the carbonyl group from position 2 to position 10 of the phenanthrene nucleus, 
because such products should also be distinctly reactive as ketones and keto-methylenes 
(cf. Bachmann and Kloetzel, J. Amer. Chem. Soc., 1937, 59, 2207). A series of experi- 
ments on the reduction of (IV, R = Ac) has been carried out on a considerable scale, 
pressure hydrogenation at elevated temperatures being used in the presence of Raney nickel 
and in acetic acid solution. The surprising point was noted that all the crystalline products 
were ketonic. The necessary laborious and complicated fractionations are not described 
in detail in the experimental section. One product was the dihydro-derivative (V, R = Cl). 

Similar experiments in the unchlorinated series gave as one product (V, R= H) a 
substance already described by Robinson and Rydon (J., 1939, 1400) but regarded as a 
sec.-alcohol on the basis of analysis only. It is probable that the acetate, m. p. 145°, 
mentioned in the same paper is the acetate of (V, R= H). Another substance obtained 
in the course of these reduction tance is regarded as having the structure (VI). 
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EXPERIMENTAL. 


5-Chloro-6-methoxy-2-acetonaphthone (I).—Powdered aluminium chloride (33-5 g.) was 
added in small portions with shaking and cooling during 20 minutes to a mixture of 1-chloro- 
2-methoxynaphthalene (96-3 g.) (Autenrieth, Ber., 1897, 30, 2379), nitrobenzene (492 g.), and 
acetyl chloride (43-2 g.) cooled in ice and then kept at room temperature for 48 hours. The 
mixture was treated with ice (ca. 800 g.) and concentrated hydrochloric acid (120 c.c.). The 
organic layer was washed twice with water by decantation and then steam-distilled to remove 
nitrobenzene (about 4 hours). The residue solidified on cooling; it crystallised from methyl 
alcohol (charcoal) in white leaflets or needles, m. p. 124°, b. p. 192°/1-7 mm. (yield, 95-5 g.) 
(Found: C, 66-6; H, 4-7. C,3H,,0,Cl requires C, 66-5; H, 4-7%). 

The 2 : 4-dinitrophenylhydrazone crystallised from dioxan—ethy]l acetate in orange-red needles, 
m. p. 298° (decomp.) (Found: N, 13-8. C,,H,,0O,N,Cl requires N, 13-56%). The piperonylidene 
derivative crystallised from benzene in clusters of yellow, microscopic needles, m. p. 199—201° 
(Found: C, 69-0; H, 4-1. C,,H,,0,Cl requires C, 68-8; H, 4-1%). Its solution in sulphuric 
acid had a wine-red colour. 

5-Chloro-6-methoxy-2-naphthoic Acid.—5-Chloro-6-methoxy-2-acetonaphthone (2 g.) was 
added to a solution of sodium hydroxide (4 g.) and sodium hypochlorite (3-75 g., added as 18% 
solution) in water (200 c.c.). The mixture was heated for 20 minutes on the steam-bath, then 
refluxed for 10 minutes. The mixture was cooled, and sulphur dioxide passed through the 
suspension of the sodium salt which had separated. The precipitate was collected and crystal- 
lised from alcohol, being obtained in white felted needles (1-5 g.), m. p. 301° after sintering, 
unchanged by admixture with an authentic specimen (Robinson and Thompson, Joc. cit.). 

Furfurylidene-5-chloro-6-methoxy-2-acetonaphthone.—Chloromethoxyacetonaphthone (31 g.), 
furfuraldehyde (14 g.), and alcohol (200 c.c.) were mixed, and a solution of sodium (1-7 g.) in 
alcohol (70 c.c.) gradually added at room temperature. The mixture was kept at 50° for 20 
minutes and at room temperature for 1—2 hours. The separated solid was collected (40 g.) and 
washed with alcohol. It was recrystallised from alcohol (charcoal), being obtained in yellow 
needles, m. p. 151—152° (Found: C, 68-8; H, 4-0. C,,H,,0,Cl requires C, 69-1; H, 4-1%). 
The solution in sulphuric acid had a deep red colour. 

4 : 7-Diketo-7-(5'-chloro-6'-methoxy-2'-naphthyl)heptoic Acid (II).—The above furfurylidene 
compound (20 g.) was refluxed for 15—20 hours on the steam-bath with a mixture of alcohol 
(250 c.c.) and concentrated hydrochloric acid (60 c.c.). The alcohol was evaporated under 
diminished pressure, and the solid residue refluxed with concentrated hydrochloric acid (110c.c.), 
acetic acid (150—170 c.c.), and water (250 c.c.) (oil-bath at 145°) for 10—12 hours. The hot 
solution was carefully decanted from the dark residue; on cooling, the acid crystallised. It 
was collected and the filtrate used to extract the residue by further boiling and decantation 
of the hot clear liquid. After 8 or 9 extractions no further diketo-acid could be obtained on 
cooling the solution. The crude substance (11-3 g.) so obtained was dried and recrystallised 
from acetic acid (charcoal), forming white needles or plates having a nacreous lustre; m. p. 
193—194° (Found: C, 61:7; H, 4-8. C,,H,,0O,Cl requires C, 61-9; H,4-9%). The orange- 
coloured solution in sulphuric acid became mauve on heating. Apparently demethylation, 
observed in the analogous case of the unchlorinated substance (Robinson and Rydon, /oc. cit.), 
does not occur in this process. This was established by study of the next two stages, because 
identical results were obtained whether the cyclopentenone acid was methylated or not. 

3-(5'-Chloro-6'-methoxy-2'-naphthyl)-A*-cyclopenten-1-one-2-acetic Acid (III).—A mixture of 
the above diketo-acid (10 g.), potassium hydroxide (20 g.), and water (1 1.) was heated on the 
steam-bath for 1 hour. The solution was cooled and acidified with concentrated hydrochloric 
acid. The precipitate was collected, dried (9-5 g.), crystallised from aqueous acetic acid (80%) 
(charcoal), and recrystallised from ethyl acetate. The acid formed white needles, which turned 
yellow on exposure to air; m. p. 215° (decomp.), after sintering (Found in material dried at 
100° in a high vacuum : C, 65-7; H, 4-7. C,,H,,0,Cl requires C, 65-4; H, 4-5%). 

8-Chloro-3'-keto-4-acetoxy-7-methoxy-1 : 2-cyclopentenophenanthrene (IV, R= Ac).—The 
cyclopentenoneacetic acid (30 g.) was refluxed with acetic anhydride (300 c.c.) for} hour. Acetic 
anhydride (230 c.c.) was removed by distillation, and the semi-solid residue mixed with methyl 
alcohol (450 c.c.). The product (21 g.) was collected and washed with a small amount of 
benzene. It crystallised from acetic acid in pale yellow needles, m. p. 254—255° (decomp.) 
after sintering (Found in material dried in a high vacuum at 100°: C, 67-5; H, 4-4. C,H,,0,Cl 
requires C, 67-7; H, 42%). A further quantity of the substance (2 g.) was obtained on keeping 
the mother-liquor, concentrated to 20 c.c. 
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The substance gives a dinitrophenylhydrazone. Its solution in sulphuric acid is yellow. 
85 C.c. of boiling acetic acid are necessary to dissolve 1 g. of the pure product. It is readily soluble 
in hot pyridine and hot dioxan and sparingly soluble in the simple alcohols, acetone and benzene. 

The oxime, prepared by the pyridine method, crystallised from pyridine in stout, microscopic 
needles that darkened from 280° to 320° but did not melt at 370° (Found: N, 4-0. C.9.H,,0,NCI 
requires N, 3-8%). 

8-Chloro-4-hydroxy-3' -keto-7-methoxy-1 : 2-cyclopentenophenanthrene (IV, R = H).—A mix- 
ture of the acetyl derivative (1 g.), sodium hydroxide (0-5 g. in a little water), and alcohol 
(175 c.c.) was refluxed for 5 hours. After acidification the solid was collected, dried (0-8 g.), and 
crystallised from nitrobenzene, being obtained in stout, microscopic needles, m.p. 335° (decomp. 
from 300°) (Found : C, 69-2; H, 4:2. C,,H,,0,Cl requires C, 69-1; H, 4:2%). The keto-phenol 
gives a yellow solution in aqueous sodium hydroxide. 

8-Chloro-3'-keto-4 : 7-dimethoxy-1 : 2-cyclopentenophenanthrene (IV, R = Me).—The above 
hydroxymethoxy-compound (3 g.) was dissolved by heating in a solution of sodium hydroxide 
(2-5 g.) in the minimum quantity of water and alcohol (450 c.c.). It was then treated at 40— 
50° with a large excess of methyl sulphate, and with aqueous sodium hydroxide (10%) to main- 
tain alkalinity, until the methylated product was precipitated and the solution became practically 
colourless, Water was added, and the product collected, washed with alcohol and ether, and 
dried (2-9 g.). It crystallised from nitrobenzene in microscopic needles, m. p. 247°, or by slow 
evaporation of a solution in ethyl acetate in large rhombic prisms (Found: C, 69-7; H, 4-6. 
C,,H,,0,Cl requires C, 69-8; H,4:6%). This dimethyl ether givesa 2 : 4-dinitrophenylhydrazone 
and a yellow solution in sulphuric acid. 

apoChlorodihydroxyketocyclopentenophenanthrene.—A mixture of 8-chloro-3’-keto-4-acetoxy- 
7-methoxy-1 : 2-cyclopentenophenanthrene (3 g.), acetic acid (240 c.c.), and hydrobromic acid 
(26-5 c.c., d 1-5) was refluxed for 22 hours. After cooling, water was added, and sulphur 
dioxide passed through the suspension for a few minutes. The green solid that separated was 
collected, dried (2-6 g.), and crystallised from pyridine (about 70 c.c.), being obtained in intensely 
yellow, microscopic needles. The crystals were washed with boiling alcohol and with boiling 
acetic acid, recrystallised from pyridine and washed several times with boiling benzene and with 
dry ether. The substance did not melt or decompose below 380° (Found in material dried in a 
high vacuum at 100°: C, 68-7; H, 3-9; Cl, 11-5. C,,H,,0,Cl requires C, 68-3; H, 3-7; Cl, 
11:9%). Thesubstance is freely soluble in aqueous sodium hydroxide to an intense red solution ; 
its solution in sulphuric acid is purple. It does not sublime when heated in a high vacuum 
before decomposition occurs. The substance is characterised by extreme sparing solubility in 
most solvents (0-4 g. of pure material requires more than 40 c.c. of boiling pyridine for complete 
solution). A dinitrophenylhydrazone or an oxime could not be obtained, nor could a piperonyli- 
dene derivative be prepared. The acetyl derivative gave analytical figures that showed it to be 
a diacetate, but the substance could not be crystallised. 

apoChloroketodimethoxycyclopentenophenanthrene.—The compound last described (0-4 g.) 
was methylated in alcohol (100 c.c.) by means of aqueous sodium hydroxide (75 c.c. of 10%) 
and methyl sulphate (20 c.c.). The product (0-4 g.) crystallised from nitrobenzene in micro- 
scopic yellow needles, m. p. 335° (decomp.) (Found in material dried at 100° in a high vacuum : 
C, 69-8; H, 4-5. C,,H,,O,Cl requires C, 69-8; H, 46%). The substance is insoluble in aqueous 
alkalis; it gives an intense blue coloration in sulphuric acid solution, which is destroyed on 
heating. 

apoDihydroxyketocyclopentenophenanthrene.—3'-Keto-4-acetoxy-7-methoxy-1 : 2-cyclopent- 
enophenanthrene was demethylated on a test-tube scale (Robinson, Joc. cit.) by boiling with 
hydriodic acid (d 1-96) fora few seconds. The product had the properties of the true dihydroxy- 
compound later examined by Robinson and Rydon (loc. cit.), but it was not studied in detail 
at that time. All that was done was to note that it was a new substance (different azo-dye 
from that obtained from the hydroxymethoxy-compound) and that it furnished the dimethoxy- 
compound on methylation. A profound change is brought about by more leisurely procedure. 
A mixture of ketoacetoxymethoxycyclopentenophenanthrene (2-5 g.), acetic acid (70 c.c.), and 
hydrobromic acid (19-5 c.c., d 1-50) was refluxed for 20 hours. The dark green product (2-2 g.) 
was thrice extracted with boiling alcohol (50 c.c.), leaving 2-1 g. The solutions contained a ketone 
as shown by reaction with Brady’s reagent. The solid crystallised from pyridine (30 c.c.) in 
well-shaped, yellow, microscopic needles which did not melt at 380° (Found in dried material : 
C, 76-7, 77-2; H, 4-6, 4:8. C,,H,,0O, requires C, 77-3; H, 45%. © ,,H9O, requires C, 77:9; 
H, 3-8%). The solution in cold sulphuric acid was magenta-coloured and became dark purple 
on heating. That in aqueous sodium hydroxide was red and all the properties of the substance 
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were similar to those of the chloro-derivative described above. It is obvious that this apo- 
compound is quite different from the dihydroxyketocyclopentenophenanthrene, m. p. 338° 
(decomp.), described by Robinson and Rydon (loc. cit.). The dimethyl ether has m. p. 301° 
(decomp.). It crystallises from nitrobenzene in yellow needles and dissolves in sulphuric acid 
to a deep reddish-violet solution. 

Reduction of 8-Chlovro-3'-keto-4-acetoxy-7-methoxy-1 : 2-cyclopentenophenanthrene.—In one 
experiment out of seven, reduction of the related hydroxy-compound by means of sodium and 
isoamyl alcohol gave a phenolic, non-ketonic product that crystallised from nitrobenzene in 
clusters of slender, pale yellow needles, m. p. 292° after sintering from 270° (Found: C, 68-1; 
H, 4-7; Cl, 10-1%). This analysis indicates about 10% dechlorination and either a dihydro- or 
a tetrahydro-derivative of the original substance. Many experiments on the catalytic hydro- 
genation of the chloro-ketone, using Raney nickel in acetic acid solution, have been made and 
the results may be summarised. At 105°/37 atms. for 24 hours, the starting material and a 
dihydro-derivative of the chlorohydroxyketomethoxycyclopentenophenanthrene were isolated. 
With twice the relative amount of catalyst at 158°/57 atms. for 25 hours, the results were similar. 
Most, but not all, of the starting material recovered was deacetylated and the hydroxymethoxy- 
dihydro-compound was also isolated. Mixed crystals gave much trouble in the tedious separ- 
ations by fractional crystallisation. Indications of a more fully reduced crystalline product 
were obtained, but this could not be completely separated from the dihydro-compound. About 
10% of the product was still more fully reduced and uncrystallisable. The dihydro-compound 
was eventually separated by taking advantage of its ready solubility in alcoholic sodium hydr- 
oxide. It was crystallised from dioxan and from acetic acid and obtained in colourless needles, 
m. p. 236—237° (Found in material dried at 100° in a high vacuum: C, 68-6; H, 4-7. C,,H,,0,Cl 
requires C, 68-7; H,4-7%). It was expected that this substance would prove to be the secondary 
alcohol produced by reduction of the carbonyl group in position 3’, but it is definitely a ketone. 
An orange precipitate was obtained when Brady’s reagent was added to an acetic acid solution, 
and condensation with piperonal in aqueous alcoholic solution in the presence of sodium hydr- 
oxide gave a red solution from which acid precipitated a yellow piperonylidene derivative. 
This crude material decomposed without melting below 360° and gave the usual characteristic 
wine-red solution in sulphuric acid. Hence this substance is almost certainly 8-chloro-4-hydroxy- 
3'-keto-7-methoxy-9 : 10-dihydro-1 : 2-cyclopentenophenanthrene (V, R = Cl). 

Reduction of 3'-Keto-4-acetoxy-T-methoxy-1 : 2-cyclopentenophenanthrene.—Reduction at 
125° /30 atms. for 15 hours was not effective and much starting material was recovered. Labori- 
ous fractional crystallisations led to the isolation of a substance that crystallised from methyl 
alcohol in colourless microscopic needles, m. p. 140° (Found: C, 77-6; H, 5-6. C,,H,,O, 
requires C, 77-1; H, 5-7%). Direct comparison showed that this substance was identical with 
the dihydro-derivative, m. p. 140°, described by Robinson and Rydon (loc. cit.) as 4: 3’-dihy- 
droxy-7-methoxy-1 : 2-cyclopentenophenanthrene. This must be corrected; the substance is a 
ketone, probably 4-hydroxy-3'-keto-7-methoxy-9 : 10-dihydro-1 : 2-cyclopentenophenanthrene (V, 
R=H). It gives an orange 2: 4-dinitrophenylhydrazone and a yellow piperonylidene deriv- 
ative exhibiting the usual properties. With twice the relative amount of catalyst (155°/50 atms., 
25 hours) much intractable tar was produced. There were isolated mixed crystals of ketonic 
products and a very sparingly soluble substance of reduced cyclopentylidenecyclopentanone type. 
The components appear to be the hydroxymethoxydihydro-compound and a hydroxymethoxy- 
tetrahydro-compound. More probably it is derived by condensation of two molecules of the 
dihydro-compound, followed by reduction of the resulting «$-unsaturated ketone. This 
substance (VI) crystallised from dimethylaniline in colourless, microscopic, hexagonal plates, 
m. p. 313° after slight sintering (Found: C, 81-4; H, 5-8. C,,H,;,O, requires C, 81-8; H, 6-1%). 
Its solution in alcoholic sodium hydroxide is light yellow and in sulphuric acid it gives a mauve 
solution. When relatively much more catalyst (175°/50 atms., 32 hours) was used, a dark tar 
resulted from which crystals could not be isolated. High-vacuum distillation afforded a light- 
coloured oil in at least two distinct fractions. Crystals could not be isolated from either of these. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, May 28th, 1941.] 
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76. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXIII. Hydrogenation of some cycloPentenonaphthalene 
Derivatives. 

By L. C. BATEMAN and SIR ROBERT ROBINSON. 


The experiments described in Part XXX (Robinson and Weygand, this vol., p. 386) 
establish the possibility of the synthesis of testosterone, or close analogues, provided the 
requisite tricyclic ketones can be obtained. One promising way of securing such inter- 
mediates is by modification of cyclopentenonaphthalenes, made in the first instance by 
the general method adumbrated in Part XXI (Robinson, J., 1938, 1390). For the 
purpose in view p-methoxyacetophenone is the appropriate starting point and this 
ketone has been transformed by way of the usual steps into 3’-keto-4-acetoxy-6-methoxy- 
1 : 2-cyclopentenonaphthalene (I, R = Ac). 


CH-CO,Et 
C 


CO 


cm _ a (II.) 
2 2 


MeO: 


The behaviour of this substance on catalytic hydrogenation has thrown some light 
on the reduction stages to be expected. Under the conditions employed, the carbonyl 
oxygen was eliminated and the terminal aromatic nucleus was reduced; one product 
was a hydrocarbon the constitution of which is discussed below. Taking advantage of 
the work of Robinson and Slater (Part XXIX, this vol., p. 376) in the cyclopentenophen- 
anthrene series, we submitted the dimethoxy-compound (I, R = Me) to the Reformatzky 
reaction, and*the product (II, with ethyl bromoacetate) has been hydrogenated. The 
results are parallel with those observed in the reduction of (I) and differ from those 
obtained in the work recorded in Part XXIX. Further investigation of the constitu- 
tion of all these hydrogenation products, including those of the tetracyclic series, is in 
progress. 


4 : 7-DIKETO-7-p-METHOXYPHENYLHEPTOIC acid (Robinson and Todd, J., 1939, 1745) is 
readily converted in hot alkaline solution into 3-p-methoxyphenyl-A?-cyclopenten-1-one-2- 
acetic acid (III). The cyclisation of the corresponding phenylcyclopentenoneacetic acid 
was accomplished in poor yield by means of sulphuric acid (Robinson, Joc. cit.), but we now 
find that boiling acetic anhydride may be used as condensing agent in the case of (III) 
(and doubtless for the simpler acid also). The reaction is by no means so facile as in the 
naphthyleyclopentenoneacetic acid series and at first we employed propionic anhydride for 
the sake of the higher boiling point. Later it was found that acetic anhydride in a sealed 
vessel at 170—190° was equally, if not more, satisfactory; the product is (I, R = Ac). 
Hydrogenation in the presence of Raney nickel at elevated temperature and pressure was 
accomplished in alcoholic solution and two products were isolated. The first was a crystal- 
line substance, C,4H,,0,. This contained a methoxyl group and a phenolic hydroxyl 
(azo-compound with diazotised p-nitroaniline) ; it is therefore (IV). 


CO,H-CHy, P-4 HOZ 7 Y 
GU, \ oS 
Me C——CH, Me 


(III.) (IV.) (V.) 


The second product was a liquid hydrocarbon, C,,H,,, which was not obtained quite pure 
(ca. 1% OMe). The alternative 1: 2:3: 4-tetrahydro-1 : 2-cyclopentenonaphthalene * 


* The hydrocarbon was described as 1 : 2-cyclopentano-1 : 2 : 3 : 4-tetrahydronaphthalene, but it is 
a tetrahydro-derivative of cyclopentenonaphthalene and the change from “‘eno” to “ano” is thus 
superfluous and indeed misleading, as it suggests a hexahydro-derivative. This confusion is avoided 
by regarding cyclopentenonaphthalene as the reference substance instead of tetrahydronaphthalene and 
the hydrocarbon is then named as in the text. 
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(VI) has been synthesised by Kon (J., 1933, 1085) by an unambiguous method. Its b. p. 
is much lower than that of our hydrocarbon, although, as might be expected, the refractive 
powers are almost identical and very different from those of 1 : 2-cyclopentenonaphthalene 
on the one hand and its more fully reduced derivatives on the other. 


CHMe-CO,Et CH,°CO,Et 
C CH 


| & ——CH, 
Y 
me / 


(VI.) (VII.) (VIII.) 


There exist, therefore, independent reasons for the assumption that the central nucleus 
is the more resistant to hydrogenation in the course of formation of both (IV) and (V), 
though naturally the argument for the constitution (IV) reinforces that for (V) and vice 
versa, because there can be little doubt but that (V) is obtained by way of (IV). 

Although these results are of interest in connexion with the mechanism of hydrogen- 
ation, our synthetical objective demands the retention of a reactive group in or near the 
cyclopentane ring. We therefore applied the Reformatzky reaction to 3’-keto-4 : 6- 
dimethoxy-1 : 2-cyclopentenonaphthalene (I, R = Me) and obtained directly unsaturated 
esters. That from ethyl bromoacetate is yellow (cf. Robinson and Slater, Joc. cit.) and is 
considered to be represented by (II); the methyl derivative, from ethyl «-bromopropionate, 
is, however, colourless and is considered to be (VII). The latter ester is smoothly hydrolysed 
by aqueous alcoholic alkali, whereas the former, though attacked by the reagent, behaves 
differently and the corresponding acid has not yet been isolated. 

The pressure hydrogenation of (II) furnished as the main product a crystalline mixture 
of hexahydro-derivatives, one of which was isolated by fractional crystallisation. Stereo- 
isomerism is possible whatever formula is attributed to this substance. In view of the 
conclusions reached in the case of the reduction products of the ketone (I, R = Ac) we 
provisionally regard this substance as having the constitution (VIII). Experiments are 
in hand with the object of definitely settling this point, which is important for the planning 
of an extension of the investigation. 

In addition a relatively smaller quantity of a demethoxy-derivative of (VIII) was 
obtained. On demethylation this gave a phenol (azo-coupling) and therefore the surviving 
methoxyl is a substituent in an unreduced aromatic nucleus. The constitution is probably 
(VIII) with the methoxy] in position 6 replaced by hydrogen. 


EXPERIMENTAL. 


Derivatives of 4: '1-Diketo-7-p-methoxyphenylheptoic Acid.—Treatment of the acid (1 mol.) 
with 2 : 4-dinitrophenylhydrazine (2-1 mols.) in hot acetic acid afforded the mono-2 : 4-dinitro- 
phenylhydrazone, orange microscopic crystals, m. p. 163—165° (decomp.) (Found: N, 13-5. 
CopHyg0,N, requires N, 12-7%). Similarly, treatment with semicarbazide hydrochloride 
(2-1 mols.) in aqueous sodium carbonate solution, followed by acidification with acetic acid, 
afforded the monosemicarbazone, a white crystalline powder, m. p. 166° (decomp.) (Found: N, 
12-8. C,;H,,O,N, requires N, 13-0%). Other diketoarylheptoic acids give bis-derivatives 
(cf. Part XXI, J., 1938, 1394), so this is an example of the relative inactivation of a carbonyl 
group in the “ neutralised ’’ system of the anisoyl group. 

3-p-Methoxyphenyl-A?-cyclopenten-l-one-2-acetic Acid (III).—This acid was obtained by 
following exactly the method for the corresponding phenyl derivative (J., 1938, 1392). The 
crude substance was a buff-coloured powder, m. p. 131°, which was employed in the next stage. 
The acid was crystallised from chilled acetone and then twice from benzene, being obtained in 
white feathery needles, m. p. 133° (Found: C, 68-1; H, 5-7. C,,H,,O, requires C, 68-3; H, 
5-7%). Crystallisation from water gave a hydrate in long, transparent needles (up to 2 ins.) 
(Found: C, 63-0; H, 6-1. C,,H,,0O,,H,O requires C, 63-7; H, 6-1%). The general properties 
of this acid are similar to those of related substances already described. 

4-Hydroxy-3' -keto-6-methoxy-1 : 2-cyclopentenonaphthalene (I, R = H) and its Derivatives.— 
The acetyl derivative (below) was hydrolysed by means of aqueous alcoholic sodium hydroxide, 
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and the yellow solution acidified. The precipitated keto-phenol crystallised from isoamyl 
alcohol in soft, flat, yellow plates, m. p. 250—255° to a black tar, after darkening from ca. 235° 
(Found: C, 73-8; H, 5-4. C,,H,,0; requires C, 73-7; H, 53%). 

The acetyl derivative (I, R = Ac) was obtained by heating a mixture of p-methoxypheny]l- 
cyclopentenoneacetic acid (15 g., crude) and acetic anhydride (80 c.c.) in a sealed bulb at 170— 
190° for 1-5—1-75 hours. The solution was cooled rapidly with shaking in order to get small 
crystals (which do not occlude so much of a dark colouring matter as the larger nodules formed 
on slow cooling), and the light brown powder was collected, washed with a little acetic anhydride 
and then light petroleum, and dried (14:0 g.). One crystallisation from dioxan gave pale yellow, 
soft needles (10-0 g.), m. p. 193—194°. A small specimen was crystallised successively from 
aqueous acetic acid, ethyl alcohol, and methyl] alcohol, forming white needles, m. p. 194° (Found : 
C, 71-2; H, 5-3. C,gH,,O, requires C, 71-1; H, 5-2%). The yellow solution in sulphuric acid 
exhibits a strong blue fluorescence. This derivative is formed by simply refluxing the acid 
with acetic anhydride, but the yields are not satisfactory (2 g. of the acid with 10 c.c. of acetic 
anhydride, refluxed for 3 hours, gave 0-6 g. of crude product; the filtrate with 4 c.c. more acetic 
anhydride, refluxed for 8 hours, gave 0-95 g. more of the crude material; with twice the amount 
of acetic anhydride the yield was 1-15 g. and these products were badly discoloured). 

The acetate of the oxime of the acetyl derivative was obtained as follows : The oxime of the 
acetyl derivative, prepared by the action of hydroxylamine hydrochloride and pyridine at 95°, 
separated from aqueous pyridine as a buff, crystalline powder; on heating, it darkened at about 
210° and decomposed to a dark tar at about 230°. As some deacetylation was suspected, the 
derivative was heated with acetic anhydride until a clear solution resulted. The recovered 
derivative crystallised from ethyl acetate in fine, shiny, white needles, m. p. 196° (decomp.) 
with previous darkening (Found: C, 65-9; H, 5-1; N, 4-2. C,,H,,0O;N requires C, 66-0; H, 
5-2; N, 4:3. C,,H,,0,N requires C, 67-4; H, 5-3; N, 4.9%). The substance has, therefore, 
the composition of a diacetate of the oxime of (I, R = H). 

The propionyl derivative (I, R = COEt) was obtained by refluxing a mixture of p-methoxy- 
phenylcyclopentenoneacetic acid (2 g.) and propionic anhydride (10 c.c.) for 1 hour. The 
crystalline product obtained on cooling was collected (1-3 g.). Crystallisation from methyl 
alcohol gave yellow needles (1-0 g.) and on several recrystallisations, white feathery needles, 
m. p. 160° (Found: C, 71-7; H, 5-6. C,,H,,O, requires C, 71-8; H, 5-6%). 

The methyl ether (I, R = Me) was obtained in the usual manner by combined hydrolysis and 
methylation of the acetyl derivative by means of aqueous alcoholic potassium hydroxide and 
methyl sulphate. It crystallised from isoamy] alcohol in soft, shiny, pale greenish-yellow needles, 
m. p. 156° (Found: C, 74:2; H, 5-8; OMe, 24-8. C,;H,,0, requires C, 74-4; H, 5-8; 20Me, 
25-6%). 

The oxime of the methyl ether, prepared by the pyridine method, separated from aqueous 
pyridine in pale yellow crystals, m. p. 235—236° (decomp.); recrystallisation from isoamyl 
alcohol-ethyl alcohol gave soft, shiny, white plates, m. p. 236° (decomp.) (Found: N, 5-2. 
C,5H,,;0,N requires N, 5-4%). 

Hydrogenation of 3'-Keto-4-acetoxy-6-methoxy-1 : 2-cyclopentenonaphthalene.—A mixture of 
the acetyl compound (5-5 g.), Raney nickel (1 g.), and alcohol (500 c.c.) was stirred with hydrogen 
under 95—100 atms. initial pressure. The autoclave was heated to 130—135° in the course of 
24 hours and kept at 135—-145° for 3 hours longer. After cooling, the solvent was evaporated 
from the centrifuged and filtered solution under diminished pressure. The residual greenish oil 
was taken up in light petroleum (b. p. 60—80°), and the filtered solution allowed to evaporate 
at room temperature. As nothing crystallised, the oil was again dissolved in light petroleum 
(40 c.c., b. p. 60—80°), and the solution dried, filtered, and kept for 12 hours in the refrigerator ; 
ca. 0-5 c.c. of a yellow oil (A) separated. No further separation occurred from the decanted 
solution, kept in the refrigerator for 12 hours, but, on stirring and scratching, a white solid (B) 
(0-5 g. after 2 days) crystallised. The filtrate was evaporated (ca. 3 c.c. of residue) and distilled. 
The first fraction (ca. 0-5 c.c.), b. p. 120—125°/0-3 mm., n}" 1-5542, was a clear, colourless oil 
(Found: C, 89-6; H, 9-8; OMe, 1-0. C,,H,. requires C, 90-7; H, 93%. C,,H,, requires C, 
91-8; H, 8-2%. C,;H,, requires C, 89-6; H, 10-4%). (A mixture of 94% of C,,H,, with 6% 
of C,,H,,-OMe requires C, 89-9; H, 9-5; OMe, 10%.) For the reasons stated in the intro- 
duction this hydrocarbon, C,,H,,, is probably 5:6: 7 : 8-tetrahydro-1 : 2-cyclopentenonaph- 
thalene (V). The 1:2: 3: 4-tetrahydro-isomeride is described by Kon (loc. cit.) as having 
b. p. 138°/19 mm. and ”, 1-55297. Decahydrocyclopentenonaphthalene has b. p. 71—72°/2°5 
mm., 3%” 1-4895 and the A®‘10-octahydro-derivative has b. p. 74—76°/3 mm., nw 1-5074 
(Pinkney, Nesty, Wiley, and Marvel, J]. Amer. Chem. Soc., 1936, 58, 972); 1: 2-cyclopenteno- 
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naphthalene has b. p. 118°/0-5 mm., b. p. 170°/15 mm., #, 1-6265—1-629 (Kon, Joc. cit.; Cook 
and Hewett, J., 1933, 1098; Kruber, Ber., 1932, 65, 1382). The refractive power is therefore 
strong confirmatory evidence of the formula C,,H,,. The b. p. of our hydrocarbon is almost 
the same as that of cyclopentenonaphthalene and therefore the aromatic nature of the central 
nucleus is the controlling factor. It is easy to see that this must also govern the molecular 
shape and both cyclopentenonaphthalene and its 5 : 6 : 7 : 8-tetrahydro-derivative will be sensibly 
flat molecules. In confirmation naphthalene has b. p. 218°/760 mm. and tetrahydronaphthalene, 
b. p. 206°/720 mm., and it is well known that benzene and cyclohexane have about the same 
b. p.’s. 

A second fraction (ca. 2 c.c.) from the distillation had b. p. 125—145°/0-3 mm. (Found: C, 
84-5; H, 9-2; OMe, 9-1%) and the residue in the flask was a viscous, yellow syrup. 

The yellow oil (A) partly crystallised on keeping and by trituration with light petroleum 
(b. p. 60—-80°) and eventual crystallisation from this solvent, the m. p. was raised to 122—123° 
and then to 126—127°. Thecrystals (B), recrystallised four times from benzene-light petroleum, 
gave small, hard, colourless rhombs (0-2 g.), m. p. 126—-127° (Found: C, 76-7; H, 8-1; OMe, 
14-0. C,,H,,O, requires C, 77-0; H, 8-2; 1OMe, 14-2%). This substance is cryptophenolic; 
it gives no coloration with ferric chloride in alcoholic solution and it is not soluble in aqueous 
sodium hydroxide. When it was heated with chloroform and alcoholic potassium hydroxide 
in the presence of a little copper bronze, a pink colour was developed. The isolated product 
now gave a bluish-green colour with alcoholic ferric chloride. The substance C,,H,,0, is, 
however, most easily recognised as a phenol by azo-coupling. It slowly coupled with diazo- 
benzenesulphonic acid in acetic acid solution in the presence of sodium acetate to an orange- 
yellow azo-compound : the reaction was much more rapid and complete in alcoholic solution. 
This azo-compound dissolved in aqueous sodium hydroxide to a bluish-red solution. An 
immediate reaction occurred in alcoholic solution with p-nitrobenzenediazonium acetate; the 
product crystallised from aqueous acetic acid or alcohol in soft, slender, brownish needles with a 
weak golden lustre, m. p. 173° (Found: N, 12-0. CygH,,O,N; requires N, 11-56%). The solution 
in aqueous sodium hydroxide had a deep indigo-blue colour. The possibility that a methoxyl 
group was extruded in this coupling was entertained and dismissed because there was no evidence 
of such a reaction with diazotised p-nitroaniline among analogous compounds known to be fully 
methylated and because the hydrolysis of methoxyl has not been observed with diazobenzene- 
sulphonic acid under conditions similar-to those mentioned above. 

The products of a second hydrogenation carried out on a slightly larger scale (6 g.) were 
hydrolysed by means of aqueous alcoholic potassium hydroxide in order to ensure the removal 
of acetoxyl groups. After isolation two fractions were obtained on distillation, b. p. 140— 
180°/1 mm. and b. p. 180—200°/1 mm. The first fraction, a faintly yellow oil, partly crystal- 
lised : the solid was collected after addition of light petroleum; it had m. p. 116—119° and, 
after several recrystallisations, m. p. 126—127°; the first filtrate was inadvertently lost and 
this should have contained the hydrocarbon C,,;H,,. The mother-liquors from the crystallis- 
ations contained an uncrystallisable oil (Found : OMe, 12-2%). The second fraction, a viscous 
yellow syrup, slowly solidified to hard, white rosettes, m. p. 103—110° after being washed with 
light petroleum. Recrystallisation raised the m. p. to 125—126° and then to 126—127°, 
undepressed by admixture with the specimen from the first experiment. 

Hydrogenation of 3'-Oximino-4 : 6-dimethoxy-1 : 2-cyclopentenonaphthalene. Formation of 
4 : 6-Dimethoxy-1 : 2-cyclopentenonaphthalene.—This experiment was undertaken in the hope 
that nuclear reduction would occur and that a point of attack might be secured in the form of an 
amino-group in the cyclopentane ring. The outcome, however, was that the ketoxime group 
was reduced to methylene and the aromatic nuclei were unaffected. 

The oxime of ketodimethoxycyclopentenonaphthalene (8-2 g.) and Raney nickel (2 g.) were 
shaken with dioxan (250 c.c.) under hydrogen at an initial pressure of 100 atms. The temper- 
ature was raised to 100° during an hour, to 160° during 2 further hours, and then maintained 
at 190—200° for 3 hours. The cooled product had a strong ammoniacal odour. Isolated in 
the usual way, the product was a white wax which contained only traces of nitrogen. It was 
readily soluble in the common organic solvents with the exception of methyl alcohol and light 
petroleum. It was triturated with a little cold methyl alcohol, collected, and dried (5 g., m. p. 
81—82°) (Found: C, 78-7; H, 6-5. C,,;H,,O, requires C, 78-9; H, 7-0; 20Me, 27-2%). Re- 
crystallisation from light petroleum and aqueous methyl alcohol gave white plates, m. p. 
84—85° (Found : C, 78-2; H, 7-1; OMe, 26-8%). The picrate separated in dull mauve crystals, 
m. p. 164—165°, from aqueous acetic acid (Found: N, 8-9. C,;H,,0,,C,H,O,N; requires N, 
90%). 
EE 
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4 : 6-Dimethoxy-3'-isopropylidene-1 : 2-cyclopentenonaphthalene.—As the yield in the process 
adopted was unsatisfactory, a detailed description would serve no useful purpose. An ethereal 
solution of isopropylmagnesium bromide was concentrated and mixed with anisole, and a 
solution of ketodimethoxycyclopentenonaphthalene in warm anisole introduced. The mixture 
was heated at 80°. On working up, a small quantity of a colourless substance was isolated. 
This crystallised from aqueous alcohol in slender, small, white, woolly needles, m. p. 98—99° 
(Found: C, 79-9; H, 7-3. C,gH,, O, requires C, 80-6; H, 7-5%). 

4 : 6-Dimethoxy-3'-(carbethoxymethylene)-1 : 2-cyclopentenonaphthalene (II).—A mixture of 
ketodimethoxycyclopentenonaphthalene (5-0 g.), ethyl bromoacetate (6-8 g., dried over potassium 
carbonate and distilled, b. p. 159-0—159-8°/768 mm.), zinc ribbon (2-6 g.), and dry benzene 
(70 c.c.) was refluxed with exclusion of moisture. After 20—30 minutes the zinc was seen to be 
attacked, and after 1-5 hours the liquid suddenly became opaque and thickened within a minute 
to a paste. Heating was continued for 30 minutes longer. The colour during the progress of 
the reaction gradually became deep brick-red. After cooling, ice and dilute sulphuric acid were 
added; the washed and dried benzene layer on evaporation left a dark red oil which solidified 
to an orange-red mass. This was washed with alcohol and light petroleum and dried (6-5 g., 
m. p. 150—155°). Two crystallisations from alcohol (ca. 300 c.c.) raised the m. p. to 158—159° 
and two more from aqueous dioxan gave orange-yellow needles, m. p. 162—163° (Found: C, 
72-8; H, 6-4. C,,H,.O, requires C, 73-1; H,.6-4%) (91% of the theoretical * amount of silver 
iodide, from 20Me and 10Et, was obtained in a Zeisel determination). The solution of the ester 
in sulphuric acid is intensely red. The action of aqueous alcoholic potassium hydroxide on this 
ester gives an alkali-soluble product after } hour’s refluxing, but the acid obtained is colloidal, 
hard to coagulate, and forms emulsions with ether and benzene. It has not been possible to 
purify it, and the indications are that some side reaction has occurred, possibly polymerisation. 
This behaviour is in marked contrast to that of the homologous ester described below. 

4 : 6-Dimethoxy-3' -(a-carbethoxyethyl)-1 : 2-cyclopentadienonaphthalene (VII).—A mixture of 
ketodimethoxycyclopentenonaphthalene (1-25 g.), ethyl a-bromopropionate (3-8 g., b. p. 57— 
59°/17 mm.), zinc ribbon (1-3 g.), and dry benzene (35 c.c.) was refluxed. After 45 minutes a 
pale brown, gelatinous mass had separated and the heating was continued for 30 minutes longer. 
The product, isolated as in the case of the lower homologues, formed a red syrup; this was taken 
up in light petroleum (75 c.c.), and the solution filtered from a small brown precipitate. The 
solvent was removed, the residue dissolved in a little alcohol, and water added to produce an 
incipient clouding of the hot solution, which was then stirred with charcoal and filtered. On 
cooling, yellow crystals (1-1 g., m. p. 92°) separated. Three recrystallisations from aqueous 
alcohol gave white, woolly needles, m. p. 95° (Found: C, 72-9; H, 6-6. C.9H,,O, requires C, 
73-6; H, 6:7%) (881% of the theoretical amount, from 20Me and 10EFt, of silver iodide was 
obtained in a Zeisel determination). A deep red solution was formed in sulphuric acid. 

The ester (0-65 g.) was hydrolysed by refluxing for } hour with potassium hydroxide (1 g.), 
water (10 c.c.), and alcohol (30c.c.). After dilution and filtration, the acid was precipitated as a 
buff-coloured powder. It was purified by solution in aqueous sodium carbonate, reprecipitation 
after washing with ether, and by several crystallisations from methyl alcohol, being so obtained 
‘in transparent plates, m. p. 172° (Found: C, 72-6; H, 6-1. C,,H,,0, requires C, 72-5; H, 
6-0%). 

Hydrogenation of (II). Formation of a Hexahydro-derivative (probably VIII) and Other 
Products.—The ester (10-0 g.), dissolved in alcohol (500 c.c.), was heated and stirred under 
compressed hydrogen in the presence of Raney nickel. After 3 hours the temperature was 150° 
and the pressure 150 atms. After 1 hour more the temperature had risen to 180° and it was 
kept at 180—200° for another 15-5 hours. On cooling and opening the autoclave, an odour 
resembling that of acetaldehyde was noticed. The product was isolated as a dark red syrup, 
which was distilled. After a small colourless fraction, b. p. up to 140°/0-1 mm., which had the 
aldehyde-like odour, the main bulk (7-5 g.) had b. p. 140—190°/0-1 mm. This solidified as a 
soft, white mass, m. p. 45—50° (Found: C, 73-2; H, 8-4%. 5-201 Mg. gave 7-89 mg. of Agl). 
No ketonic reactions could be observed, the material did not form a picrate, and the solution in 
sulphuric acid was yellow, becoming red on heating. The last drop of distillate in the flask 
gave a solid, m. p. 61—62°, and the residue in the flask was a black tar (A). 

A portion of the main product, m. p. 45—50°; was crystallised several times from light 

* Low results were obtained in all such experiments in the case of these methoxy-esters. In view 
of the possibility of C-methylation by migration and incomplete conversion of ethyl alcohol into ethyl 
iodide, the Zeisel estimation must be regarded as a study of yield rather than as a precise analysis that 
can be trusted blindly. 
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petroleum, the m. p. rising to 61—63°, 66-5—67-5°, 70—71°, 72-5—73°, 74-5—75-5°, 77—77-5°, 
81—81-5°, 82—-83°, 83—-83-5°. The last fraction consisted of hard, white aggregates of flat 
prisms (Found: C, 71-4; H, 8-3. C,)9H,,O, requires C, 71-7; H, 8-2%) (97% of the theoretical 
amount, from 20Me and 10Et, of silver iodide was obtained in a Zeisel determination). Whena 
solution in light petroleum was quickly cooled, or evaporated, long, transparent, pointed, 
prismatic needles separated. Evaporation of a drop of the solution on a slide left structures 
filling the field of the microscope and consisting of many branched filaments rather like some of 
the alge. This 4 : 6-dimethoxy-3'-(carbethoxymethyl)-5 :6:7:8 (or 1:2: 3: 4)-tetrahydro-1 : 2- 
cyclopentenonaphthalene has possibly been separated from a stereoisomeride. The product 
obtained after boiling with concentrated hydriodic acid and a few drops of acetic acid contains 
a true naphthol derivative, because it readily couples with diazobenzenesulphonic acid to a 
crimson azo-compound. Probably a dihydronaphthol is formed by hydrolysis and elimination 
of methyl alcohol and this suffers dismutation to the naphthol and tetrahydronaphthol. 

The mother-liquors up to the fifth crystallisation were concentrated to 10 c.c. and kept in a 
refrigerator; the crystals that separated had m. p. ca. 45° (mother-liquor, B). These were 
recrystallised from light petroleum in two fractions, both of m. p. 66—67°; further crystallis- 
ation raised the m. p. to 70° and 73—74° (Found: C, 71-7; H, 82%. Yield of silver iodide, 
96%). The mother-liquor (B) was evaporated; the residue could not be crystallised, and 
distilled as a pale yellow, very viscous syrup, b. p. 140—180°/0-1 mm. (Found : C, 73-5; H, 8-4. 
C,,H,,0, requires C, 75-0; H, 8-4%) (89-5% of the theoretical amount, for 1OMe and 10Et, of 
silver iodide was obtained in a Zeisel determination). It is clear that this substance is essentially 
a demethoxyhexahydro-derivative, although it was by no means a pure specimen; on keeping, 
crystals appeared in the oil, but these were not further investigated. The acid corresponding to 
this ester is mentioned below. 

The main product (2-3 g., m. p. 45—50°) was hydrolysed by refluxing for 1 hour with potass- 
ium hydroxide (5 g.), water (10 c.c.), and methyl alcohol (25 c.c.). The methyl alcohol was 
evaporated, and the residue thoroughly extracted with ether. On distillation of the residue 
(ca. 0-2 c.c.) after removal of the solvent at 0-02 mm. a clear, pale yellow oil was obtained, which 
set to an opaque resin on cooling (Found: C, 80-3; H,10-0%). It is unlikely that the material 
is homogeneous, but it can contain only one oxygen atom in the molecule of the main con- 
stituent (C,,H,,O requires C, 81-6; H, 10-56%. C,3;H,., O requires C, 81-3; H, 8-4%) unless it is 
derived from two molecules of the starting material (C,,H,,0, requires C, 79-7; H, 10-4%) 
(Cs3H 90, represents full reduction of the aromatic nuclei, elimination of one methoxyl from 
each component, reduction of the ester to a primary alcohol, and formation of an ether from 
two molecules). The aqueous alkaline solution afforded a pale yellow gum on acidification and 
this was extracted with boiling light petroleum (200 c.c., b.p. 60—80°), leaving a residue (C). 
On cooling, the solution deposited white crystals, m. p. 100—104°, and two recrystallisations 
gave white, hair-like needles, m. p. 117—118° (Found: C, 70-4; H, 7-6; OMe, 19-8. C,,H,,O, 
requires C, 70-3; H, 7-6; 20Me, 21-4%). This dimethoxy(carboxymethyl)tetrahydrocyclopenteno- 
naphthalene (acid corresponding to VIII) was also obtained from the black tar (A), which was 
extracted with hot benzene (charcoal) and the solution diluted with light petroleum, filtered 
from a dark gelatinous precipitate, and evaporated to a dark syrup (1 c.c.). This was boiled 
with aqueous methyl-alcoholic potassium hydroxide, and the acid eventually isolated by means 
of ether as a biscuit-coloured powder, m. p. 94—100°. It was crystallised from benzene-light 
petroleum, methyl alcohol, and thrice from light petroleum (b. p. 60—80°) and obtained in 
white, feathery needles, m. p. 117—118° (Found: C, 70-5; H, 7-9; OMe, 20-1%). 

The residue (C), after attempted crystallisation from benzene-light petroleum (removal of a 
little insoluble material), was distilled at 0-1 mm. (the b. p. could not be observed), and obtained 
as a Clear yellow gum (ca. 0-5 g.) (Found: C, 73-2; H, 8-1; OMe, 11-2. C, gH, 90, requires C, 
73-8; H, 7-7; 1OMe, 11-9%). This acid, though not quite pure, is clearly a 4(or 6)-methoxy- 
3’-(carboxymethyl)tetrahydrocyclopentenonaphthalene or a mixture of isomerides. An acid 
solution of diazobenzenesulphonic acid, to which sodium acetate had been added, was cautiously 
introduced into an alcoholic solution of the isolated product obtained on boiling this acid with 
hydriodic and acetic acids. The first result was the formation of a weak crimson coloration, 
indicating admixture with the acid, m. p. 117—118°. On shaking with alumina the dye was 
adsorbed and the very pale mauve filtrate on treatment with more of the diazo-solution gave an 
orange-coloured azo-compound, wine-red on addition of sodium hydroxide. This is strong 
evidence that the methoxy-group is a substituent in an aromatic nucleus. Hence it is the 
methoxyl contained in the reduced nucleus of the main product that is eliminated by further 
reduction. 
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Having by this experiment established the nature of the products of hydrogenation, we 
suggest that a simplified procedure would be to hydrolyse the crude material, remove neutral 
substances by extraction of the alkaline solution, and separate the acids by the method indicated 
above. 


The authors thank the Department of Scientific and Industrial Research for a Senior Award 
(to L. C. B.). 
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77. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXIV. Some Thiopyranophenanthrene Derivatives. 


By (Miss) N. A. McGInnis and Sir RoBEerT RoBINson. 


Peak and Robinson (Part XVIII, J., 1937, 1581) showed that 2-ketododecahydro- 
chrysene and 3-keto-7-methoxyoctahydrocyclopentenophenanthrene (I) can be methyl- 
ated in the angle-position vicinal to the carbonyl group. 
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An extension of this method is much to be desired, because of the small number of 
stages in the synthesis, but this demands the retention of a point of attack in ring D 
or the devising of some equivalent of this ring which can subsequently be transformed. 
The ketone (I) is obtained from l-acetylcyclopentene and if this could be replaced by 
3-acetyl-A*-dihydropyran (II) the object in view might be achieved by synthesis of 
(III), subsequent opening of the pyran ring, oxidation to a dicarboxylic acid, and finally 
homologation and cyclisation (cf. Litvan and Robinson, J., 1938, 1997, for the last two 
steps) to x-oestrone methyl] ether. 
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No method for the synthesis of (II) has yet been devised and some preliminary work 
on this topic is mentioned in the experimental section. Meanwhile, however, 3-acetyl- 
A3-dihydrothiopyran (IV) has been obtained and condensed with 6-methoxy-«-tetralone 
in the presence of sodamide to 3-keto-7-methoxry-1:2:3:9:10: 11: 5’ : 6’-octahydro- 
thiopyrano(4’ : 3’: 1: 2)phenanthrene (V). 


This substance has been oxidised to a sulphone, reduced to a saturated sec.-alcohol, 
and the latter oxidised to a saturated ketone and then C-methylated. The product by 
analogy with the work of Peak and Robinson (loc. cit.) should be (VI). 

Unfortunately the work had to be abandoned at this stage, but it serves as a model 
that encourages perseverance in the attempt to prepare (II) or some equivalent. 
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Wout and Emmericu (Ber., 1900, 33, 2762) have prepared $-hydroxypropionacetal, but 
the yield is very unsatisfactory and many attempts to improve it have failed. Therefore 
the projected etherification with methyl 6-chloroethyl ketone and subsequent ring closure 
could not be attempted. Various methods starting with trimethylene glycol, trimethylene 
bromide, and 1 : 3-dibromobutane broke down for one reason or another. 

The most direct synthesis of 3-acetyl-A*-dihydrothiopyran (IV) would be by the dehydr- 
ation (and cyclisation) of $-aldehydoethyl y-ketobutyl sulphide, but the reaction of a 
mixture of methyl 8-chloroethyl ketone and @-chloropropionacetal with potassium sulphide 
gave no mixed sulphide but only bis-y-ketobutyl sulphide (CH,-CO-CH,°CH,),S (VII). 
The semicarbazone obtained from this specimen corresponded to the derivative of 3-acetyl- 
4-methyl-A*-dihydrothiopyran produced by cyclic dehydration. Even the condensation of 
methyl 8-chloroethyl ketone with yy-diethoxypropanethiol in alcoholic potassium ethoxide 
gave (VII), as shown by the analysis of a bis-2 : 4-dinitrophenylhydrazone. 

A much more indirect method was therefore necessary. Bis~yy-diethoxypropyl sulphide 
underwent hydrolysis and cyclo-dehydration on boiling with N-sulphuric acid with production 
of A®-dihydrothiopyran-3-aldehyde (VIII). This was converted into 3-(«-hydroxyethyl)- 
A8-dihydrothiopyran by reaction with methylmagnesium iodide and this sec.-alcohol was 
oxidised to (IV) by an application of Oppenauer’s method (Rec. Trav. chim., 1937, 56, 137). 
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Condensation with 6-methoxy-«-tetralone gave the ketone (V), of which two stereo- 
isomerides were obtained; the isomeride-a, produced in much the larger relative amount, 
was demethylated to the corresponding phenol and oxidised to a sulphone. Attempts to 
reduce the unsaturated ketone group of this sulphone were unsuccessful, largely as a 
result of its sparing solubility, and the sulphide (V) itself was not amenable to catalytic 
reduction. It was, however, reduced to the saturated alcohol (IX) by means of sodium 
and tsoamyl alcohol and (IX) was oxidised by the Oppenauer method as modified by 
Butenandt and Peters (Ber., 1938, 71, 2688) to a saturated ketone. 

Following the procedure of Peak and Robinson (loc. cit.) the resulting ketone was 
C-methylated and though we have no fresh proof of the course of the reaction to offer, 
the argument from analogy that the product is (VI) is a strong one. 


EXPERIMENTAL. 


Attempted Preparation of B-Hydroxypropionacetal_—B-Chloropropionacetal was treated with 
(1) fused sodium acetate in acetic acid, and refluxed for 3 hours; (2) potassium acetate and a 
little potassium iodide in alcohol, and refluxed for 3 hours; (3) potassium acetate in alcohol, 
and refluxed; (4) silver oxide in methyl alcohol, and refluxed for 13 hours; (5) calcium carbonate 
in water, and refluxed for 16 hours; (6) litharge in water, and refluxed for 4 hours; (7) sodium 
iodide in acetone, and shaken in the cold; (8) sodium iodide in alcohol, and refluxed for 5 hours; 
(9) magnesium oxide in water, and refluxed for 2 hours. In no case was the desired substance 
or a useful intermediate produced. Decomposition with the formation of acraldehydediethyl- 
acetal occurred in some cases. 

By the method of Wohl and Emmerich (loc. cit.), but heating at 100° instead of 115°, there 
were obtained from 50 g. of -chloropropionacetal, 3 g. of the alcohol, b. p. 90—93°/14 mm. 
Wohl and Emmerich (loc. cit.) give b. p. 98°/20 mm. 

Attempted Preparation of y-Hydroxypropyl y-Ketobutyl Ether and Other Intermediates.—Tri- 
methylene glycol (80 g.) was treated with potassium (8-6 g.) and methyl §-chloroethyl ketone 
(21-3 g.); a fraction (4-5 g.), b. p. 125—130°/10 mm., was isolated. It gave a 2: 4-dinitro- 
phenylhydrazone which, crystallised from pyridine, had m. p. 218—221° (Found: N, 24-:7%) 
and has not been identified. The attempted preparations of bis~y-hydroxypropy]l ether and the 
corresponding dichloride also failed. Trimethylene glycol (150 g.) was refluxed (1) under 
diminished pressure with d-camphorsulphonic acid (6 g.); (2) under diminished pressure with 
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p-toluenesulphonic acid (4 g.); (3) (53-2 g.) with dry sodium ethoxide (27-2 g.) for 2 hours, the 
mixture cooled, p-toluenesulphonyl chloride (38 g.) added slowly, and the whole heated to 170°. 
No product could be isolated in any case. Trimethylene chlorohydrin, heated with concentrated 
sulphuric acid, gave 1: 3-dichloropropane. When it was heated with aluminium sulphate or 
with p-toluenesulphonic acid, no ether was produced. 

Bis-y-hydroxypropyl Sulphide.—The sulphide was prepared by the method of Bennett and 
Hock (J., 1925, 127, 2673). It formed a phenylurethane which crystallised from benzene in 
needles, m. p. 122—123°, and further crystallisation did not raise the m. p. (Found: C, 62-1; 
H, 6-2; N, 7-3. Calc. for C,5H,,0,N,S: C, 61-9; H, 6-2; N, 7-2%). Bennett and Hock 
(loc. cit.) give m. p. 146—148°. 

The diacetate was obtained as follows: A mixture of bis~y-hydroxypropyl sulphide (85 g.), 
acetic anhydride (350 g.), and fused sodium acetate (20 g.) was heated on a steam-bath for 3 hours. 
Water was then added, the mixture neutralised with sodium bicarbonate, and the liquid filtered. 
The product was isolated by means of ether and distilled as a clear yellow oil (105 g.), b. p. 
129—234°/0-6 mm. (Found: C, 50-8; H, 7-6. Cy, 9H,,0,S requires C, 51-2; H, 7-7%). 

Bis~y-acetoxypropylsulphone.—A solution of the sulphide (12 g.) in acetone (20 c.c.) was 
added to one of potassium permanganate (11 g.) in acetone (1-5 1.), and the mixture shaken 
in the cold for 2 days. The excess of permanganate was destroyed with a few drops of hydrogen 
peroxide, the solution filtered and dried, and the solvent evaporated; the residue, a pale 
yellow solid (12-4 g.), was crystallised from benzene-light petroleum (b. p. 80—100°); it had 
m. p. 53—55° (Found: C, 45-1; H, 6-8. C,9H,,0,S requires C, 45-1; H, 6-8%). 

A solution of sodium hydroxide (4-1 g.) in water (5 c.c.) was added to the acetylated sulphone 
(12-4 g.) dissolved in alcohol. The mixture was refluxed for 4 hours, acidified with hydro- 
chloric acid, and evaporated almost to dryness, and the residue taken up in acetone. After 
filtration, the acetone solution was dried, and the solvent removed; the residue distilled as a 
colourless, viscous oil, b. p. 140—142°/0-5 mm. (Found : C, 47-1; H, 8-5%). A phenylurethane, 
which crystallised from alcohol in needles, m. p. 123—125° (Found: C, 61-5, 61-7; H, 5-7, 
5-8%), was obtained from the material. This would appear to be the above-mentioned derivative 
of bis~y-hydroxypropyl sulphide (C,H,,0,S requires C, 48-0; H, 9-3%) and it is clear that the 
sulphone has been largely reduced to the sulphide under the influence of the hot aqueous alcoholic 
alkali. 

Methyl 8-Chloroethyl Ketone.—The following modification of the method of Blaise and 
Maire (Bull. Soc. chim., 1908, 3, 270; cf. Kenner and Statham, Ber., 1936, 69, 16; E.P. 282,412) 
was employed. Powdered aluminium chloride (468 g.) was added with stirring to acetyl 
chloride (450 g.), cooled in ice and salt; dry ethylene was then passed into the mixture and the 
temperature was maintained at about 0°. About 671. of ethylene were absorbed. The product 
was poured on ice and extracted with chloroform, the extract dried, the solvent evaporated, 
and the product distilled, b. p. 50°/15 mm. (200 g.). 

Bis-y-ketobutyl Sulphide.—The substance was obtained incidentally in experiments made with 
a different object. (a) A solution of potassium hydroxide (16-1 g.) in alcohol (280 c.c.) was 
saturated with hydrogen sulphide during 4—5 hours. §-Chloropropionacetal (48 g.) in an equal 
volume of alcohol was added dropwise, and the mixture refluxed until the odour of hydrogen 
sulphide had disappeared. The potassium chloride was removed and more potassium hydroxide 
(16-1 g.) was added with stirring until all had dissolved. The mixture was then cooled in ice 
and salt and methyl @-chloroethyl ketone (30 g.) in alcohol (25 c.c.). was slowly added with 
stirring. The mixture was then refluxed for 2 hours, cooled, and filtered. The alcohol was re- 
moved under reduced pressure, water was added, and the oil which separated was collected by 
means of ether. The residual light brown oil had b. p. 108—114°/1—2 mm. (Found: C, 56-7; 
H, 8-1; S, 18-0. C,gH,,0,S requires C, 55-2; H, 8-1; S, 18-4%). The product formed a semi- 
carbazone which crystallised from alcohol in pale yellow needles, m. p. 227—-228° (Found: C, 
50-2; H, 6-5. C,H,,ON,S requires C, 50-7; H, 7:0%). This is therefore the semicarbazone 
of an anhydro-derivative. 

(b) yy-Diethoxypropanethiol (8-2 g.), made by following Meyer’s process for ethylene 
mercaptan (Ber., 1886, 19, 3263), was slowly added to a solution of potassium (2 g.) in alcohol 
(25 c.c.). The solution was cooled in a freezing mixture and methyl 8-chloroethyl ketone 
(3-5 g.) in alcohol (5 c.c.) was added dropwise. The mixture was kept at room temperature for 
12 hours, and the product isolated in the known manner. The fraction, b. p. >130°/1 mm., 
formed a bis-2 : 4-dinitrophenylhydrazone which crystallised from pyridine in orange prisms, 
m. p. 150—152° (Found: C, 45:2; H, 4:0; N, 21-9. CypH,,O,N,S requires C, 44-9; H, 4-1; 
N, 21:0%). 
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Bis-yy-diethoxypropyl Sulphide—A solution of $-chloropropionacetal (54 g.) in alcohol 
(100 c.c.) was mixed with a saturated aqueous solution of potassium sulphide (66 g.) and enough 
alcohol to give a clear solution. The mixture was heated in an autoclave at 130° for 12 hours, 
and the product isolated as a clear yellow oil (34 g.), b. p. 130—132°/0-27 mm. (Found: C, 
57-4; H, 10-3. C,H 90,S requires C, 57-1; H, 10-2%). 

A®-Dihydrothiopyran-3-aldehyde (VIII).—The above acetal (98-6 g.) was refluxed with 
n-sulphuric acid (150 c.c.) for 20 minutes and the mixture was then steam-distilled. A yellow 
oil (35-7 g.) was isolated from the distillate by means of ether, b. p. 115—118°/12—15 mm. 
(Found: C, 56-6; H, 6-1. C,H,OS requires C, 56-3; H, 6-3%). The aldehyde formed a semi- 
carbazone, which crystallised from acetic acid in colourless prisms, m. p. 226—228°, and a 
2: 4-dinitrophenylhydrazone, which crystallised from pyridine in elongated, bright orange 
prisms, m. p. 247—248° (Found: C, 46-9; H, 4-0; N, 18-3. C,,H,,0,N,S requires C, 46-8; 
H, 3-9; N, 18-2%). 

3-a-Hydroxyethyl-A-dihydrothiopyran.—Dihydrothiopyranaldehyde (28-4 g.) in a large 
volume of dry ether (300 c.c.) was gradually added with vigorous stirring to an ethereal solution 
of methylmagnesium iodide (6-3 g. of magnesium) cooled in a freezing mixture. The stirring 
was continued for 6 hours at room temperature; the mixture was then decomposed with ice 
and ammonium chloride (50 g.). The ethereal layer was separated, and the aqueous solution 
saturated with salt and extracted with ether. The residue (after drying and removal of the 
solvent) had b. p. 95—115°/4—5 mm. As the product was found to contain unchanged aldehyde, 
it was treated with semicarbazide, the semicarbazone collected, and the filtrate again worked 
up with ether and the oil distilled, b. p. 119—120°/4—5 mm. (18-5 g.) (Found: C, 58-1; H, 
8-2. C,H,,OS requires C, 58-3; H, 83%). The alcohol gave a positive iodoform reaction. 
The unchanged aldehyde was recovered from the semicarbazone by treatment with N-sulphuric 
acid and steam-distillation. 

3-A cetyl-A*-dihydrothiopyran (IV).—The sec.-alcohol was oxidised by the method of Oppenauer 
(loc. cit.). Hydroxyethyldihydrothiopyran (14 g.) in dry acetone (600 c.c.) was added to a 
solution of aluminium ¢#ert.-butoxide (48 g.) in dry benzene (800 c.c.) and heated at 60—65° 
for 10 hours. The mixture was acidified with dilute sulphuric acid, the benzene layer separated, 
and the aqueous layer extracted with ether. The benzene and ethereal solutions were washed 
with water, dried, and distilled, yielding a yellow oil (10-5 g.), b. p. 95—103°/1—3 mm. The 
product gave the iodoform reaction and formed a semicarbazone which crystallised from aqueous 
acetic acid in long prisms, m. p. 227—-228° (Found: C, 48-6; H, 6-6; N, 21-1. C,H,,ON,S 
requires C, 48-2; H, 6-5; N, 21-1%). 

3-Keto-7-methoxy-1:2:3:9:10: 11: 5’ : 6’-octahydrothiopyrano(4’ : 3’ : 1: 2)phenanthrene-a 
(V).—A mixture of powdered sodamide (3-0 g.), 6-methoxy-«-tetralone (13-2 g.), and dry ether 
(330 c.c.) was refluxed for 8 hours with stirring in a current of dry nitrogen. The mixture was 
cooled in a freezing mixture, and acetyldihydrothiopyran (10-5 g.) in dry ether (40 c.c.) slowly 
added with stirring. After 1—2 hours the cooling bath was removed, and agitation continued 
for 12 hours. The mixture was acidified with dilute hydrochloric acid and the crystalline 
material was collected, washed with water, alcohol and ether, and dried (14-0 g.). It crystallised 
from butyl alcohol in long, fine needles, m. p. 234—236° (Found: C, 71-9; H, 6-7; S, 10-8. 
C,H, 0,S requires C, 72:0; H, 6-7; S, 10-7%). The ketone is sparingly soluble in alcohol and 
ethyl acetate, more readily soluble in acetic acid. The 2: 4-dinitrophenylhydrazone formed 
dark red prisms, m. p. 268° (decomp.). A gummy residue obtained by evaporating the mother- 
liquors may contain isomerides. On keeping, the ethereal solution from which this main 
product-a had been separated deposited a white solid. This crystallised from alcohol in flocks 
of needles, m. p. 190—194° (Found: C, 72:0; H, 6-6. C,,H,0,S requires C, 72:0; H, 6-7%). 
The substance contains sulphur and yields a 2 : 4-dinitrophenylhydrazone, orange-red needles, 
m. p. 250° (decomp.). It is doubtless a stereoisomeride (-b) of (V). It is much more readily 
soluble in ethyl and butyl alcohols and in acetic acid than the higher-melting isomeride-a. 
There is some indication that there may be a third still more readily soluble and lower-melting 
isomeride in the mother-liquors. 

3-Keto-T-hydroxy-1:2:3:9:10:11: 5’ : 6’-octahydrothiopyrano(4’ : 3’ : 1: 2)phenanthrene.— 
The methoxy-compound (2-2 g.) along with acetic acid (50 c.c.) and hydriodic acid (20 c.c., 
d 1-7) was heated (oil-bath at 130—140°) for 10 minutes; after cooling, the contents were poured 
into water. The liquid was decolorised by sulphur dioxide, and the reddish product collected 
and dried. The crude material (1-9 g.) was dissolved in hot 2% caustic soda, the solution 
filtered, and the filtrate acidified with hydrochloric acid. The solid crystallised from butyl 
alcohol in clusters of fine, very pale yellow needles which decomposed above 240° (Found : 
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C, 71-4; H, 61. C,,H,,0,S requires C, 71:3; H, 6-3%). No coloration was developed with 
alcoholic ferric chloride solution. 

3-Keto-7-methoxy-1: 2:3: 9:10:11: 5’ : 6’-octahydrothiopyrano(4’ : 3’ : 1 : 2)phenanthrene 
Dioxide.—The oxidation of the thiopyran (V) to the sulphone was accomplished by the method 
of Hinsberg (Ber., 1910, 43, 289). Perhydrol (6 c.c. of 30%) was added to a solution of keto- 
methoxyoctahydrothiopyranophenanthrene-a in acetic acid (600 c.c.). After keeping at room 
temperature for 2 days crystals were deposited in almost theoretical yield. The sulphone 
crystallised from acetic acid in rhombic plates, m. p. 279—281° (Found: C, 64-8; H, 6-2. 
CygH,,O,S requires C, 65-1; H, 6-0%). The substance gave a 2: 4-dinitrophenylhydrazone; 
it was very sparingly soluble in most organic solvents but dissolved to some extent in boiling 
acetic and formic acids, and in hot cyclohexanol. 

3-H ydroxy-1-methoxy-1 :2:3:4:9:10: 11:12: 5’ : 6’-decahydrothiopyrano(4’ :3’:1: 2)phen- 
anthrene (IX).—Ketomethoxyoctahydrothiopyranophenanthrene-a (7-5 g.) was dissolved in 
boiling dry isoamy] alcohol (400 c.c.), and sodium (10-5 g.) added; the mixture was refluxed for 
12 hours, cooled, and then steam-distilled. The residue was acidified with hydrochloric acid, 
and the product collected and dried. The crude material was triturated with cold acetic acid 
and crystallised from this solvent, being obtained in long prisms, m. p. 179—181° (Found: 
C, 70-9; H, 7:7. C,,H,,0,S requires C, 71-1; H, 79%). The substance showed no ketonic 
reactions. , 

3-Keto-7-methoxy-1:2:3:4:9: 10:11: 12: 5’: 6'-decahydrothiopyrano(4’ : 3’ : 1: 2)phen- 
anthrene.—The last-described saturated alcohol (6-0 g.) in dry acetone (300 c.c.) was added to a 
solution of aluminium /ert.-butoxide (18-0 g.) in dry benzene (550 c.c.), and the mixture refluxed 
for 24 hours. After neutralisation with dilute sulphuric acid the product was extracted with 
benzene, the extract dried, and the solvent removed. When the brittle residual mass was 
treated with alcohol, a small amount of crystalline material was obtained. The product was 
ketonic, but the m. p. and mixed m. p. with the starting material indicated that it was probably 
a mixture of the unchanged alcohol and the desired ketone. Further recrystallisation from 
alcohol did not effect a separation. The product was dissolved in cold pyridine, and semi- 
carbazide hydrochloride added. A small amount of crystalline material was deposited on 
keeping, which crystallised from alcohol in clusters of needles, m. p. 239—-241° (decomp.) 
(Found: C, 62-6; H, 6-5; N, 12-2. C,,H,,;0,N;S requires C, 62-6; H, 6-7; N, 12-2%). The 
semicarbazone was obtained in poor yield and better results were obtained by adopting the 
modification of Butenandt and Peters (Joc. cit.). A solution of aluminium isopropoxide (4-5 g.) 
in dry toluene (210 c.c.) was added to one of hydroxymethoxydecahydrothiopyranophenanthrene 
(2-8 g.) in cyclohexanone (40 c.c.). The mixture was refluxed (oil-bath) for 10 hours, cooled, 
neutralised with dilute sulphuric acid, and steam-distilled. The residue was extracted with 
benzene, the extract dried, and the benzene evaporated, leaving a reddish-brown, viscous oil 
which partly crystallised. The crystals (1-4 g.) were collected and recrystallised from alcohol, 
from which long, fine, matted needles, m. p. 192—193°, were obtained (Found: C, 71-3; H, 
7-2. CygH,,0,S requires C, 71-5; H, 7:3%). The substance formed a 2: 4-dinitrophenyl- 
hydrazone. 

3-Keto-71-methoxy-2-methyl-1 :2:3:4:9:10:11: 12: 5’: 6’-octahydrothiopyrano(4’ : 3’: 1: 2)- 
phenanthrene (V1).—Methy] iodide (5 c.c.) was added to the ketomethoxydecahydrothiopyrano- 
phenanthrene (1-0 g.) dissolved in a solution of potassium (0-8 g.) in éert.-butyl alcohol (30 g.) 
and the resultant pale yellow solution was refluxed for 3 hours. Ice was added and the solid 
which separated was collected, dissolved in a large excess of alcohol, and slowly run through an 
alumina column. On concentration of the solution a white solid separated and this crystallised 
from alcohol in irregular plates, m. p. 156—157° (Found: C, 72-2; H, 7-6. C,,H,,O,S requires 
C, 72:2; H, 76%). The substance gave a 2 : 4-dinitrophenylhydrazone. 

At this stage the work had to be abandoned and we were unable to follow up the investigation 
in several desirable directions. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 3rd, 1941.] 
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78. Bond Lengths and Resonance in the cis-Azobenzene Molecule. 
By G. C. Hampson and J. MONTEATH ROBERTSON. 


Refinements have been made in the determination of the crystal structure of cis- 
azobenzene, by applying the Fourier series method of analysis. Steric effects prevent 
the molecule from being coplanar, the two benzene rings being rotated so that the 
distance between the o-o’ carbon atoms is 3-344. This departure from coplanarity 
leads to a suppression of the resonance, as is shown by the values found for the N-N 
‘and C-N distances. The analysis also indicates a slight distortion of the molecule, 
so that the C—N bonds are not quite directed from the centres of the benzene rings, 
this slight distortion also no doubt being due to steric repulsion. 


In a previous paper (Robertson, J., 1939, 232) a trial X-ray analysis of the cis-azobenzene 
structure was described. The arrangement of the molecules in the crystal and their 
orientation and dimensions were deduced from a series of absolute intensity measurements. 
In this preliminary analysis, however, the structure was described in terms of four para- 
meters and it was not feasible to test possible variations in individual bond lengths and 
angles. This has now been carried out by applying the Fourier series method of analysis 
to one of the principal zones of structure factors, whereby a fairly good resolution of the 
separate atoms is obtained, as can be seen from the contour map in Fig. 1. 

Such a study is of considerable interest in the case of cis-azobenzene, because steric 
factors prevent the molecule from assuming a normal coplanar configuration. One would 
expect, therefore, that resonance with structures of the type N-N 
(I) would largely be inhibited, since such structures containing 
double bonds adjacent to the benzene rings require the mole- Z| aN 
cule to be planar. If the resonance is suppressed, there should [7 \ | 
be a measurable alteration in some of the bond lengths as. ° 
compared with those found in trans-azobenzene. 

Such cases of suppression of resonance by steric effects are now well established, both 
from measurements of electric dipole moments (Birtles and Hampson, J., 1937, 10; Ingham 
and Hampson, J., 1939, 981; Kadesch and Weller, J. Amer. Chem. Soc., 1941, 63, 1310) 
and also from an examination of chemical properties (Baddeley, Nature, 1939, 144, 444; 
Brown, Widiger, and Letang, J. Amer. Chem. Soc., 1939, 61, 2597 ; Spitzer and Wheland, 
ibid., 1940, 62, 2995). 

The results of our present analysis are given in the contour map of Fig. 1 which shows 
a portion of the structure in normal projection along the a axis. There are some imper- 
fections in the Fourier series, due in part to difficulties in making accurate intensity measure- 
ments, but all the atoms in the ring are resolved and the positions of their centres can be 
estimated with some certainty. 

The orientation and dimensions of the molecule have been obtained by inscribing 
the projection of a regular hexagon on the ring atoms to give the best fit at all points, and 
then deducing the inclinations of certain lines or axes by calculation from the observed 
foreshortening in the projection. The final figures have been checked by recalculation 
of the structure factors from the new co-ordinates and comparison against the observed 
values for the zone under investigation (Ol); but the other zones, (A0/) and (hk0), have 
also been utilised to obtain a final adjustment of the atomic positions in the direction 
normal to the projection plane. 

The dimensions finally obtained for the molecule are shown in Fig. 2, which represents 
its projection along the a crystal axis. The dimensions are probably correct to about 
+ 0-03 A., and within these limits the benzene ring appears to be a regular planar hexagon 
of normal size, but rotated out of the plane containing the two nitrogen atoms by 56° 
(90° — 34°). The clearance between the two benzene rings (distance between the atoms 
marked C) is 3-34 4. The distance between the two nitrogen atoms has the almost normal 
double-bond value of 1-23 a. (the accuracy here is rather low), and the carbon-nitrogen 
distance (AB) is 1-46 a. 













es 
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The latter value is of interest because it comes near to the normal C-N single-bond 
distance of 1-47 a., showing that the contribution of C=N double-bond structures to the 
resonance hybrid must be quite small. This is conditioned by the steric effects which 
prevent the molecule from assuming a planar configuration. This C-N distance should 
be contrasted with that of 1-41 A. found in #rans-azobenzene (Robertson, Proc. Roy. Soc., 
1939, A, 171, 398) where the molecules are nearly planar. 




















cis-Azobenzene. Projection along a axis. Contour levels at unit intervals (electrons per A., one-electron 
line dotted). The map is extended to 30° (or 1/12 of a translation) beyond the edge of the unit cell on 


each side, the origin being taken at a centre of symmetry marked 0°. There ave dyad screw axes at 90° 
and at 270°. 


An interesting distortion of the valency angles is also found in the cis-azobenzene 
molecule, and as this effect is somewhat greater than the estimated experimental error it 
is probably real. The N-N-C angle of 121° is practically normal and the same as that 
found in trans-azobenzene (loc. cit.). But the C-N bond emerging from the benzene ring 
is bent by about 5° or 6° from its normal direction (the direction of the ZL molecular axis). 
The distortion is about 4° towards the atom marked G (Fig. 2), combined with a movement 
of about 4° out of the plane of the benzene ring. The result of this distortion is to give 
a maximum clearance between the atoms of the two benzene rings while keeping them as 
nearly coplanar as possible and at the same time retaining the N-N-C valency angle at 
about 121°. There seems little doubt that this distortion results from the repulsion 
between the atoms marked C on the two benzene rings, the C . . . C distance of 3-34 A. 
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being brought rather below the minimum van der Waals approach distance for non-bonded 
aromatic carbon atoms. 


Fic. 2 


Dimensions of cis-azobenzene molecule. Projection along a axis. 


EXPERIMENTAL. 


Crystal Data.—cis-Azobenzene, C,,H,gN,; M = 182; m. p. 71-4°; density, calc., 1-213; 
orthorhombic bipyramidal, a = 7-57 + 0-01, b = 12-71 + 0-03, c = 10-30 + 0-024., (hk0) 
halved when (f + &) is odd, (0k/) when & is odd, and (40/) when / is odd. Space group D}} 
(Pbcn). Four molecules per unit cell. Molecular symmetry, dyad axis, parallel tob. Volume 
of the unit cell = 991... Absorption coefficient for X-rays (A = 1-54) = up = 6°87 per cm. 
Total number of electrons per unit cell = F(000) = 384. 

The reflections were recorded photographically, and intensity measurements carried out on 
an integrating photometer. Details of the specimens used have already been given (J., 1939, 
232). After the usual corrections had been applied, and the F values put on an absolute scale 
by calibration with a diamond standard, a double Fourier series was set up from the (Ohl) 
structure factors, the coefficients being given in Table I. 


TABLE I. 


Values and signs of F(Okl) used in Fourier summation. 


1—> 
1 3 
427 —10 
+18 = § 
+ 6 +42 
oe —10 
+12 a _ 8 
—20 aaa pms ate 


llllldla 
+ 
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The signs attached to these coefficients were determined from the trial analysis already 
described (loc. cit.). Subsequent recalculation of the structure factors from the final co- 
ordinates (Table II) shows two small changes in these signs, for the (040) and the (083) plane. 
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TABLE II. 


Measured and calculated values of the structure factors (calculated from the co-ordinates 
given in Table III). 


A_AA 
oe — ho 


AA 
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I+ 14+++1414 
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Corrections for these changes have not been made in the present projection, because their 
effect is small, but the changes should be noted in any future refinement of this analysis. 

The results of the summation are plotted in the contoured diagram of Fig. 1. The estimated 
positions of the atom centres are indicated by small crosses for one half molecule, and these 
were derived (for the benzene ring) by inscribing the projection of a regular hexagon on the 
contoured diagram in such a way as to secure the best average centres for all the atoms. Small 
random errors are in this way eliminated, although the process does not take account of any 
real distortion in the regularity of the benzene ring, if such a distortion should exist. This 
seems unlikely, and apparent deviations from regularity are probably to be ascribed to various 
errors, chiefly incompleteness in the Fourier series. 

The orientations of the benzene rings relative to the crystal axes were then deduced in the 
following way. xz, %z, ®z, Xu, Ym, and wy denote the real angles which the molecular axes L 
and M (compare Fig. 2) make with the a, b, andccrystalaxes. €,; and Cy are the angles measured 
on the projection between the L and M axes and the projected b crystal axis. , is the distance 
of the intercept of the L molecular axis with the dyad axis below the centre of symmetry chosen 
as origin for the co-ordinates (marked 0° at the top of Fig. 1). Regis the assumed real distance 
between the atoms C and G, and 7r¢q is this distance actually measured on the projection. 

Careful measurement of the projection then leads to the following values : 


Cu = 110-8° (69-2°) Rog = 2-406 a. (assumed) 
Cr 30-0° oq = 2°18 A. 
Vo 1-624 A. 
Assuming a regular planar hexagon, we have the following relations : 
(1) cos*yz + cos*%z + cos*wz = 1 (4) cos wy = cos py tan Cy 
(2) cos*yy + cos*y + cos*wy = 1 ‘(5) cos wz = cos py tan C, 
(3) cos xz cos xy + cos Hz cos dy + COS wz COS wy = 0 (6) sinyw = ’ca/Ree 
These equations lead to the following values for the orientation of the benzene ring : 
Xu 65-0° cos yy = 0-4226 ¥zr = 710° cosy, = 0-3251 
by = 71:2° cos sy = 0-3217 wb, = 350° cos #z = 0-8189 
@y = 147-9° cosay = — 0-8473 @z = 61-8° cos aw, = 0-4730 
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In the previous trial analysis (loc. cit.) the structure was defined in terms of four parameters, 
viz., 0, the inclination of L.to the dyad axis; «, the rotation of the benzene ring about the 
N-C bond from the position perpendicular to the plane of the nitrogen atoms; ¢, the angle 
between the N—=N bond and the ¢ crystal axis; and y,», defined above. The new values for these 
parameters are now as follows : 


cos 6 = cos #, = 0-8189 
cos ¢ = cos wz/sin 4, = 0-8240 
sin a = cos #y/sin #, = 0-5600 


To interpret the results of the present Fourier analysis (Fig. 1) it is necessary, however, to 
modify the simple model used in the previous trial analysis. The atom A (nitrogen) is not 
accurately collinear with the atoms B and E of the benzene ring, but is so displaced that AB 
makes an angle of about 4° with the L molecular axis in the projection. Several recalculations 
of the (407) and the (40) structure factors show also that the best agreements with the observed 
values are obtained when the bond AB is further inclined to the plane of the benzene ring by 
about 4°. The molecular dimensions resulting from these movements are indicated in Fig. 2. 

With these adjustments the final co-ordinates obtained for all the atoms with respect to 
the crystal axes and the centre of symmetry as origin are given in Table III. 


TABLE III. 


cis-Azobenzene : co-ordinates with respect to crystal axes; centre of symmetry as origin. 


Atom (cf. Fig. 2). %, A. 2x /a. , 2ary [b. Z, A. 2n2/c. 

0-261 12-4° . 66-7° 3-100 108-3° 

0-880 41-9 . 101-2 3-703 129-4 

1-614 76-8 , 128-3 3-011 105-2 

2-065 98-2 , 160-5 3-668 128-2 

1-784 84:9 ‘ 165-7 5-016 175-3 

1-049 49-9 , 138-5 5-708 199-5 

0-598 28-4 , 106-4 5-051 176-5 
The agreements obtained when the structure factors are recalculated from the above co- 
ordinates are shown in Table II. The discrepancies between the observed and the calculated 
values are still considerable for some planes, but the improvement achieved as a result of the 
Fourier analysis is shown by the following figures for the three principal zones, which express 

the total discrepancies as a percentage of the total measured F values. 


hol. hkO. 
Original trial structure : 18-8 36-3 
Present Fourier analysis } 14-1 28-2 
The remaining discrepancies are probably due to inaccurate intensity measurements, to the 
absence of any allowance for anisotropic thermal vibrations, and to failure to locate the best 
mean atomic positions. 


One of us (J. M. R.) desires to thank the Royal Society for a grant which made it possible 
to obtain the equipment used in this analysis. 


Tue UNIVERSITY, SHEFFIELD. [Received, May 19th, 1941.) 
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Some Themes in the Chemistry of Macromolecules. 


THE TILDEN LECTURE, DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
APRIL 24TH, 1941. 


By H. W. MELvILLe, Ph.D., D.Sc., F.R.S. 


‘ 


THE domain of colloid chemistry was once referred to as the “ world of neglected di- 
mensions.” If we may judge from the volume of literature published since that challenge 
was issued we may now rest assured that it has more than fully been met. There is, how- 
ever, another world of neglected dimensions which had indeed been severely left alone 
until a few years ago. This is the region of particulate matter which ranges from the 
dimensions usually associated with molecules, namely, about 10-* cm., up to the limit where 
the ultramicroscope just begins to be useful, namely, 10° cm. Nevertheless, there is a 
valid reason for this neglect. At the lower end of the scale, chemists have been busy dealing 
with the properties and reactions of small molecules with considerable success; at the 
upper limit, the study of colloidal chemistry in its broadest sense has brought to light 
what effects an extensive interface has on particulate matter. The time is therefore ripe for 
an attack on the second world of neglected dimensions. On this occasion the attack may 
be begun from both ends, utilising nearly every device and method known to the chemist. 
But not only is this region of chemistry a fertile field for the exercise of those methods 
already developed; it is the region in which lie molecules of importance in biological 
processes ; it is the region of many synthetic organic products conveniently grouped under 
the term of plastics. 

The field of macromolecular chemistry may thus be said to have relationships with 
every division of the subject. It is therefore impossible in this lecture to attempt to survey 
it as a whole, for such a survey would merely be encyclopedic. Instead, we shall try to see, 
in a few illustrative examples, how it is possible to apply old methods and to develop new 
techniques for learning something about the formation, structure, and behaviour of large 
molecules. In this way the problems yet to be solved will be thrown into stronger relief. 

We shall deal first with the synthetic rather than the analytical method as the 
easier approach of the whole problem. In the pre-macromolecular era the only way of 
building a large molecule consisted in joining up smaller molecules two at a time, as, for 
example, in Fischer’s classical researches on the polypeptides. The trouble about such 
processes is that each growth of the molecule required a separate stage in the synthetic 
technique. In order to obtain say 1000 repeating units in the big molecule a most laborious 
and certainly impracticable synthesis would be required. If, however, matters could be 
so arranged that all the stages occur in one reaction system the problem of macro- 
molecular production would be solved. As often happens, the way to accomplish this was 
discovered purely empirically. Suppose we consider a simple hydroxy-acid of the type 
OH:R-CO,H; then, if Ris of such a size that the hydroxyl and carboxyl groups can approach 
each other, a molecule of water may be eliminated and alactone formed. On the other hand, 
if this geometrical criterion is not fulfilled, the hydroxyl group of one molecule may interact 
with the carboxyl group of another and so form a double molecule. Once this has hap- 
pened the growth at either end of the molecule may continue indefinitely, giving a so-called 
linear polyester. We may further restrict the possibility of intramolecular reactions 
by using a dihydric alcohol and a dibasic acid. Syntheses of this kind are not, however, 
confined to hydroxyl and carboxyl groups. Any two groups which react with each other 
so as to form a covalent bond between the molecules containing them, provided there are 
at least two such groups in each molecule, satisfy the requirements for these polycondens- 
ations. In this way then the step-wise synthesis may be achieved in one system. 

The next question that arises concerns the factors limiting super-ester formation, for 
in practice there is a limit to molecular growth. When a polyhydric alcohol and a polybasic 
acid are heated together, the degree of polymerisation of the ester is not very large; for 
example, 20 units is a common figure, the molecular weight being calculated by end-group 
determination. If, however, such super-esters have to compete in mechanical properties 





[1941] Chemistry of Macromolecules. 415 


with naturally occurring macromolecules such as the polysaccharides, it is absolutely 
essential to increase the molecular weight. Suitable heat treatment in a vacuum with 
the elimination of more water brings about the necessary increase. The most striking 
outcome of these researches by the late W. H. Carothers is the production of the polyamide 
Nylon. Here it has been possible to obtain a fibre having superior mechanical properties 
to silk, by achieving a high molecular weight and orienting the individual molecules so that 
the maximum degree of lateral adhesion may exist between them. 

One of the interesting problems in these polycondensations is to find whether such 
molecular growth occurs (a) by the addition of a molecule of monomer, 7.¢., alcohol or acid 
to a growing molecule, or (b) by the exclusive reaction between polymeric units themselves. 
Most of the evidence favours the latter type of mechanism. 

The other type of reaction giving rise to big molecules is that in which molecules unite 
without the elimination of small molecules. This can only occur if unsaturation is present. 
The commonest type of unsaturation used for this purpose is that of ethylene derivatives, 
but the opening of a >C—O bond in suitable circumstances may give rise to high polymers 
as in polyaldehydes, or even the opening of a ring as in the polymerisation of ethylene oxide. 
In so far as ethylene derivatives are concerned, it may be said that, apart from ethylene 
itself, any unsymmetrical derivative may be induced to polymerise to linear macromolecules. 
If, however, there is more than one double bond in the molecule, numerous complications 
arise, especially if the double bonds are conjugated. Such conjugation leads to strong 
resonance in the molecule with profound effects on its reactivity. Sometimes dienes simply 
undergo a Diels-Alder reaction, no polymerisation in the true sense of the word being 
observed. 

These associations are of great importance because they do provide some definite 
information about the conditions for the molecule acquiring reactivity. Although butadiene 
may be induced to form rubber-like polymers with the repeating unit 


~CH,-CH=CH-CH,-, 


thermal activation of the molecules in the gas phase gives rise to 4-vinylcyclohexene, thus 
(Kistiakowski and Ransom, J. Chem. Physics, 1939, 7, 729) : 


CH, 
VA 
CH (H, 
¢H  CH—CH=CH, 
S 
CH,” 


One molecule of butadiene may further react with the dimer to form an octahydrodipheny]l, 
but there the process stops. Many such dimerisations have been studied, especially of the 
Diels-Alder type. The first important fact is that the energy of activation is not specially 
large, ranging from 15 kg.-cals. for cyclopentadiene to 26 kg.-cals. for A*’-pentadiene 
(Kistiakowski and Lacher, J. Amer. Chem. Soc., 1936, 58, 123). These figures only refer 
to dimerisation, and the question that arises is whether the double bonds are actually 
opened out so as to form a diradical, with the simultaneous appearance of a double bond 
in the middle of the butadiene molecule. Arguing by analogy with the kinetics of homo- 
geneous cis-trans-conversions which require relatively small energies of activation, e.g., 
30 kg.-cals., we might presume that this would be quite insufficient to open the double 
bonds. For ethylene, it has been estimated that the energy required to open the double 
bond may amount to at least 100 kg.-cals., and such a value would exclude the possibility 
that association would occur through the medium of diradicals. However, if the principle 
of resonance is invoked, these energetic considerations require drastic modification. The 
state of affairs can best be illustrated by an energy-level diagram (Fig. 1). It being 
assumed for the moment that the intermediate complex in the butadiene reaction is in fact 
a diradical of the structure -CH,-CH—CH-CH,°CH,CH—CH-CH,-, unstabilised by 
resonance, and also that butadiene has no resonance energy, the energy of activation for 
the association would amount to nearly 40 kg.-cals. The resonance energy of butadiene 


> 


2 
CH—CH=CH, 
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is only 5 kg.-cals., but that of the radical is estimated to be as high as 20 kg.-cals., which 
means that the activation energy of the reaction is reduced to 24 kg.-cals. Thus resonance 
reduces activation energy. Now it is important to observe that nearly all vinyl compounds 
exhibit resonance in a marked degree; ¢.g., in the ketone CH,-CH°CO-CHs, the acrylate 
CH,:CH:CO-OEt, and styrene CH,:CHPh. In considering the mechanism of the poly- 
merisation of such molecules it is tempting to speculate how far resonance may reduce 
the energy of activation so as to make practicable energetically the postulation of a free- 
radical mechanism. 




















Fic. 1. 
* i‘ Activated complex (no resonance energy) 
¥ 
34 3 4 Activated complex 
Butadiene (no resonance energy) + 
Butadiene 
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4-Vinylcyclohexene 


Dimerisation of butadiene, showing effect of resonance energy on the energy of activation. Numerals 
represent kg.-cals. 


Although resonance may speed up a reaction, another factor tends to reduce reactivity. 
When two simple molecules collide, the main criterion that reaction should occur is that the 
necessary energy of activation should be present at the time of collision. On the other 
hand, when more complicated molecules are under consideration this simple picture is 
inadequate. In this case, the molecules do not always react. A tentative explanation 
was that, since such large molecules would only react at a relatively small region, it was 
essential that the geometry of the colliding system should also satisfy certain conditions. 
This explanation raises an important point in dealing with large polymeric molecules 
because it might be supposed that growth would become appreciably slower as the size 
increased. At present data are not sufficiently precise to enable us to say whether this 
effect exists. Recent developments in the theory of chemical reactivity between molecules 
like dienes have shown that the lack of reactivity may be ascribed to the difficulty of the 
conversion of the (unquantised) translational degrees of freedom of the colliding molecules 
into quantised vibrational degrees of freedom of the association product or complex. The 
quantitative theory does, in fact, account for the magnitude of this steric factor in the 
case of butadiene; but its extension to long linear polymeric molecules is beset with difficulty, 
for it is necessary to have complete information, not only about the modes of vibration 
of the active polymer, but also of the molecule formed when the monomer adds on to the 
active polymer. Again experimental data are lacking. 


The Mechanism of the Polymerisation of Vinyl Compounds. 


The aim of the kinetic analysis of polymerisation of vinyl compounds is simply to attempt 
to measure, for each molecule potentially capable of exhibiting polymerisation, the 
magnitude of the velocity coefficient for the reaction 


(Active polymer), -+- monomer —-> (Active polymer),,, 


where m is the number of units in the polymer. The difficulties of performing such measure- 
ments will be indicated by referring later to the methods that may be adopted for the 
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solution of this outstanding problem. In fact, if the nature and reactivity of the active 
polymer can be determined, we may say that the problem of the mechanism of polymerisation 
is completely solved; but since this is the aim of chemical kinetics in general, it is unlikely 
that this desirable state of affairs will be reached in polymeric reactions for some time. 

For the moment we will devote attention to monovinyl derivatives. It is now well 
established that all compounds of the type CH,—C< are capable of polymerisation. 
The nature of the substituent groups on the a-carbon atom has, of course, a profound 
effect, but in general it may be said that any polar group such as Cl, CO,H, CN, CO-CH;, 
etc., will function in this way. In the very early days of polymer chemistry it was believed 
that the monomeric units were joined together by secondary valency forces; but evidence 
soon accumulated to show that the linkage was by primary valency forces, for the unsatur- 
ation, present in the monomer, is not apparent in the polymer. Furthermore, it is possible 
to alter the nature of the substituents in the monomeric unit in the polymer molecule with- 
out affecting the structure of the polymer as a whole. For example, polystyrene 
(C,H,"CH:CH,), may be hydrogenated, polymethacrylate hydrolysed, and even polyvinyl 
acetate hydrolysed to polyvinyl alcohol and reacetylated to polyvinyl acetate without 
changing the number of monomeric units in the polymer (Blaikie and Crozier, Ind. Eng. 
Chem., 1936, 28, 11385; McDowell and Kenyon, J]. Amer. Chem. Soc., 1940, 62, 415). 

Polymerisation of these molecules may be brought about by heat, light, or catalysts 
such as peroxides, metallic halides, sulphuric acid—in other words, by almost any reagent 
which will react with a double bond. The first problem is therefore to find how the monomer 
is brought into a reactive state; but as a preliminary to-this the following matter must be 
decided. (a) Is it necessary that each time a monomer adds on to the growing polymer 
this monomer should require to be activated or (b) when one molecule of monomer is 
activated do further molecules of monomer add on comparatively readily? Pictorially 
the two mechanisms can be represented thus : 


(a.) (0.) 


M—> M’ M—> M’ 
M’ + M’—> M, M’ + M—> M’, 
M’, + M’—> M’, M’, + M—> M’, 


(M’ represents an active molecule) 


Both mechanisms lead to the production of linear polymers. The problem is to discriminate 
between them in any given reaction. The first mechanism is in a way equivalent to 
polyester formation in that the reaction consists of a series of almost similar bimolecular 
reactions. The essential distinguishing feature is simply that in the second scheme one 
monomer so activated will bring about the polymerisation of many ordinary molecules of 
monomer. Although evidence for the first scheme is not entirely lacking, it would seem 
that in the great majority of cases the second scheme plays a predominant part. For 
example, minute amounts of catalyst cause the polymerisation of many molecules of 
monomer. One quantum of absorbed light will likewise lead to the disappearance of many 
molecules of monomer. Small traces of certain molecules will markedly inhibit the rate 
of reaction. These features are, of course, characteristic of the well-known chain reactions 
of ordinary kinetics. If this fact is admitted, one of the first objects of any theoretical 
treatment is to measure the concentration of active molecules in order that we may com- 
pute the velocity coefficient (k) of the reaction P + M (P is the active polymer), for the rate 
of polymerisation is then given by the simple equation 


Rate = Zk, [P][M] 


where & sums the effect of all sizes of active polymer which are necessarily present in any 

reaction system. One method of computing this coefficient is the following. If the value 

of [P] is plotted against time of reaction, zero time being that point at which the catalyst 

was added, then [P] gradually rises to an equilibrium value. If the catalyst is removed 

in some way, then [P] will gradually fall to zero, since the active molecules are removed 

by some reaction in which they are rendered ineffective for further growth. During the 
FF 
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period when [P] is practically constant, its rate of production must be equal to its rate of 
removal. Suppose these rates are k,{M] and &,[P], then 


k{M] = 2k[P] 
or 


=[P] = k,[M]/he 
If we put these values in the foregoing equation 
Rate of polymerisation = X,,[M],/h, * 


Proceeding in this way, we try various methods of producing and removing P and see what 
kinds of rate equations are obtained. These are then compared with the observed kinetics 
in order to find whether the assumptions are valid. But this stationary-state method can 
only be used provided the time of reaction be long compared with the half-life of P. 

In most reactions the activated molecules, or perhaps radicals, which play a part in the 
rate-determining step are, on account of their extreme reactivity, of short life and con- 
sequently are present only in minute concentration—indeed, so low that any ordinary 
analytical device is insufficiently sensitive for the purpose. On the other hand, in polymer 
reactions, in which free radicals may well play a part, a radical might conceivably have a 
much longer life and therefore would be present in significant amounts. Triphenylmethyl 
and similar radicals are cases in point, where the detection is possible by simple physical 
methods. In such circumstances another treatment will be necessary to determine k,. 
Before we can proceed, it is therefore necessary to measure the mean lifetime of the active 
molecule. 

If polymerisation is induced by heating the monomer there is no method of determining 
directly the mean life. The necessary control of the activation process can most con- 
veniently be accomplished by using ultra-violet radiation. The photoreaction is allowed 
to proceed steadily and then the radiation is switched off. The interesting fact emerges 
that in some cases the polymerisation stops in a fraction of a second, whereas in others it 
continues for extraordinarily long periods—for weeks in some instances. Examples of the 
former type are the gas-phase photopolymerisations of methyl acrylate, vinyl acetate, 
vinyl chloride, methyl vinyl ketone, the radical-induced polymerisation of methyl meth- 
acrylate, butadiene, vinyl acetate. Examples of the latter are not numerous but include 
the photopolymerisation of chloroprene, methyl methacrylate, and methyl isopropeny]l 
ketone (see, ¢.g., Melville, Ann. Reports, 1939, 36, 71—77). With liquid-phase catalysed 
polymerisation it is much more difficult to decide between long- and short-lived molecules. 
The usual observation is that the reaction proceeds until all the monomer is polymerised. 
If, however, a catalyst is used which is rather unstable thermally, such as benzoyl peroxide, 
then it is possible so to arrange matters that the catalyst will decompose in a time shorter 
than that required for the completion of reaction. Under these conditions the reaction 
stops when the catalyst is destroyed. Similar behaviour is observed in the polymerisation 
of butadiene vapour in presence of aqueous hydrogen peroxide (Gee, Davies, and Melville, 
Trans. Faraday Soc., 1939, 35, 1298). The unfortunate fact is that. these measurements 
cannot of course be made very precise, and all that can be said is that the mean life of the 
active polymer does not exceed a few minutes. These methods do, however, provide 
a guide to the type of kinetic analysis to be employed in the more detailed investigation 
of the reaction. ; 

The technique of determining mean life-times may, however, be pushed a stage further. 
If a stationary state is established, we have 


-Rate of production of P = Rate of removal of P = [P]/r 


where 7 is the mean life of P. The rate of production of P may be calculated in photo- 
reactions by measuring the number of quanta absorbed, and the rate of removal by 


measuring the rate of consumption of an intentionally added inhibitor. The problem 
then is to determine r. 


* This is a very simplified treatment. In a rigorous treatment it is necessary to write down and 
solve stationary state equation for all sizes of P. 
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In many of the photochemical polymerisations it is found that the rate of reaction is 
proportional to the square root of the intensity of the incident light. Employing the simple 
considerations on p. 418, we see that such a relationship can only be explained on the 
assumption that the active polymer molecules disappear two at a time when they meet in a 
suitable collision. Use can be made of this fact in two techniques for measuring r (Jones 
and Melville, Proc. Roy. Soc., 1940, A, 175, 392). Suppose there are projected into a long 
tube two pencils of light each of intensity J, then the rate of polymerisation will be pro- 
portional to 27. If now the two beams are superimposed the rate will be proportional to 
4/21. Thus the rate will vary with the distance between the two beams. At a certain 
distance the rate will have a mean value. On the average this will be approximately 
the distance d which an active polymer molecule diffuses in space before it combines with 
another of itskind. The lifetime of the molecule is the time for diffusion. These quantities 
are related by the expression d* = 2Dt, where D is the diffusion coefficient of the polymer 
through the monomer. A mean value for this quantity can be calculated if the molecular 
weight is known, and therefore tr may be computed. In the polymerisation of methyl 
acrylate r may be as!ongas1sec. This isin contrast with the usual lives of radicals which 
are of the order of 10-* sec. or even less. 

Another method based upon a similar principle consists in rotating a sector between 
the reaction vessel and the source of light, the sector being so constructed that the light is 
cut off for half the time. In this case the velocity of polymerisation is dependent on 
sector speed. Once again the intermediate point gives approximately a measure of the 
lifetime of the active polymer. The reason for the rate varying with sector speed may be 
seen from the following argument. Suppose the sector is stopped with the reaction vessel 
exposed to the source of light, then 


Rate = const. x ~/I 
If the sector rotates slowly compared with the life time of the active polymer, then 
Rate = const. x /I/2 


But if the sector rotates very quickly, this condition is virtually equivalent to cutting down 
the intensity of the light by a factor of 2 and therefore 


Rate = } const. x *///2 


So far no measurements have been made to find how + varies with molecular size, for it is 
difficult enough to get these methods to work, apart from extending their range of usefulness. 

The unfortunate disability of these methods is that they depend upon mutual destruction 
of the active polymer. Some technique must be devised for dealing with reactions in 
‘which the active polymer disappears at a rate proportional to the first power of its concen- 
tration. One obvious method would be to study the distribution of deposited polymer, 
much in the same way as proved successful with highly dilute flames. Alternatively, 
attempts might be made to study the distribution of dead polymer in space by observing 
the intensity of scattered light produced by it. The trouble is that these methods almost 
invariably fail because the polymer reaction is strongly exothermic, and if, therefore, 
pressures of the order of 10—100 mm. are being used, the convection currents so produced 
upset any regular distribution of solid polymer. At low enough pressures the method 
may produce roughly qualitative results, as happens in the mercury-sensitised polymeris- 
ation of acetylene (Trans. Faraday Soc., 1936, 32, 258). 

The next important point to be decided is the nature of the active polymer itself. 
There are two extreme points of view. One is that the double bond of the monomer is 
opened out to a diradical, and then monomer adds on at each end : 


CH,—CHX —> -CH,-CHX- —> -CH,-CHX-CH,-CHX-, etc. 


One slight variation of this mode of addition is that the catalyst, ¢.g., a single radical, 
might add on to one end of the molecule, thus producing a single bigger free radical which 
would grow in precisely the same way. Such a mechanism easily accounts for the ready 
addition of monomer once the free radical is formed and would also account for the fact that 
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loss of activity occurs when two free-radical ends of the molecule either unite or dispropor- 
tionate. The other school of thought postulates activation of the monomer but not to the 
extent of opening the double bond. With this mechanism the addition of monomer means 
the migration of a hydrogen atom, thus : 


CH,=CHX + CH,=CHX —> CH,-CHX-CH=CHX (activated). 


At the other extreme this mechanism might be become stepwise in character if each 
addition of monomer required as much activation energy as the first association of the two 
monomeric units or the energy required to activate one of them. The first to suggest 
the latter mechanism was Whitby, the evidence being that it was possible to show by 
bromine-absorption experiments that polymers from styrene and similar molecules 
possessed a terminal double bond. Although there may be no doubt about this terminal 
double bond in the dead polymer, it might well be produced when, say, a radical chain is 
ended by disproportionation, thus : 


~~~- CH,-CHX- -CHX-CH,~~~ 
~~CH=CXH  X-CH,-CH,~~~~ 


There are two pieces of evidence which appear to support or rather to demonstrate 
that the polymerisation of styrene in the liquid phase may occur by way of the free-radical 
mechanism: (a) the fact that the free radicals from tetraphenylsuccinodinitrile induce 
styrene to polymerise (Schultz and Wittig, Naturwiss., 1939, 27, 387), and (6) magnetic 
measurements would seem to indicate the presence of free radicals during polymerisation. 

All this presumes, however, that there is only one mechanism for polymerisation. 
There may, in fact, be at least two, if not more. A study of the photopolymerisation of 
methyl methacrylate, chloroprene, and methyl ssopropenyl ketone demonstrates the duality 
of mechanism. For example, when hydrogen atoms or methyl radicals are added to methyl 
methacrylate vapour, polymerisation by the free-radical mechanisms occurs wholly in the 
gas phase 


| 
H + CH,:CMe-CO,Me —> CH,-CMe-CO,Me, etc. 


The large free radicals eventually interact with each other and the polymerisation ceases 
after about 10 sec. (Melville, Proc. Roy. Soc., 1937, A, 168, 511). It is not yet known 
at what end the hydrogen atom adds on, nor is it certain if all the monomer molecules add 
oninaregular fashion. If, however, the vapour is illuminated directly, polymer is certainly 
produced, but when the light is switched off polymerisation continues in the dark, growth 
occurring in the solid phase of polymer deposited on the walls of the reaction vessel. Here, 
too, the polymerisation starts in the gas phase, and it must therefore be presumed that the 
kind of molecule which is produced must differ considerably from a free radical. For want 
of a better alternative we may suppose the mechanism is of the double-bond type. Cer- 
tainly the activity of the polymer has to be maintained. This is difficult to understand, 
but whatever its precise nature it is destroyed by reagents such as hydrogen atoms 
and iodine molecules for methacrylate, and even oxygen in the case of the long-lived 
polychloroprene. 

It is curious that, although methyl acrylate behaves in much the same way as meth- 
acrylate, there is no continued growth in the dark (Melville, Proc. Roy. Soc., 1938, A, 167, 99). 
On the double-bond hypothesis, this is readily explicable because the terminal double 
bonds may react thus : 

~~~ CH—CHX + X-CH=CH ~~~ 
~~~ CH,-CX—CX-CH,~~~ 


whereas methacrylate ends could not so react, since two methyl groups would need to be 
shifted simultaneously. 

This long-lived type of molecule was first discovered by Carothers (Carothers e¢ al., 
J. Amer. Chem. Soc., 1931, 58, 4203) with chloroprene which grows rather more quickly 
than methyl methacrylate. Under suitable conditions methyl ssopropenyl ketone behaves 
in a like manner, although again methyl vinyl ketone is like methyl acrylate in that its 
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activity does not survive for long. It will be observed that all these long-lived molecules 
possess the general structure CH,—CXY, where X might be termed the polymer-activat- 
ing group and Y is a substituent which may not necessarily help polymerisation. But all 
these molecules may be made to polymerise without the exhibition of these long-lived 
characteristics, thus demonstrating that one and the same molecule may polymerise by a 
variety of mechanisms. In order to explain longevity, it has been suggested that if a large- 
polymer free radical finds itself embedded in dead polymer it would have extreme difficulty 
in finding another similar molecule with which to react, and so its growth would be termin- 
ated. An observation with chloroprene shows that such an explanation is unlikely (Bol- 
land and Melville, Proc. Rubber Tech. Conf., London, 1938, 239). If live polychloro- 
prene saturated with monomeric chloroprene is irradiated, rapid additional polymerisation 
occurs but this ceases immediately the light is cut off. As a matter of fact, this additional 
polymerisation goes at a rate proportional to the square root of the intensity, which demon- 
strates conclusively that the active ends of the polymer can find and react with each other 
even in a tangled skein of rubber molecules. It is tempting to speculate how far resonance 
energy might be invoked to explain the continued reactivity along the lines outlined in the 
section on association of dienes. The technique does, however, provide a method of making 
large molecules of a length without apparent limit. 

The above discussion on the mechanism whereby an active polymer may lose its activity 
has been confined to mutual interaction of free radicals or double bonds. There are, 
however, other ways of destroying its activity. Molecular growth may be checked by the 
addition to the reaction mixture of specific inhibitors ; in the liquid phase these are generally 
of the antioxidant type, such as quinol or pyrogallol; in the gas phase, oxygen is usually a 
powerful inhibitor. Sometimes the effect of the inhibitor is complicated by the fact that it 
reduces the concentration of the catalyst that interacts with the monomer. This makes 
the interpretation of the kinetics difficult. Besides this intentional termination there are 
a number of examples, ¢.g., acetylene, butadiene, in which kinetic analysis shows that the 
monomer itself can destroy the activity of the growing polymer. The chemistry of the 
process is obscure, but it might be explained on the assumption that the monomer reacts 
in such a way that it produces a terminal structure incapable of adding on further monomer 
molecules (see below) (see Ann. Reports, 1940, 37, 68). It may also be presumed that a 
molecule might lose its energy spontaneously, ¢.g., by cyclisation of a diradical. This 
process would, however, only be important when the polymer is small. 


Interpolymerisation. 

It is a difficult enough problem adequately to deal with the polymerisation of a single 
monomer, but it is still more difficult to consider the behaviour of a mixture of two or three 
monomers. Interpolymers are, however, of great importance because they often possess 
unique properties which cannot be obtained by using mechanical mixtures of simple 
polymers. The reason for this state of affairs is that the number of vinyl derivatives which 
polymerise is limited. Substituents such as Cl, CO,CH;, CO*CH;, CN, CH:CH,, C,H;, 
OAc are normally employed since, in general, such groups yield sufficiently reactive 
monomers to give large polymers. Production of interpolymers may be achieved by 
polymerisation of mixtures of monomers in the hope that trueinterpolymerisation does occur. 
The success of this operation can usually be gauged by an examination of the properties 
of the resultant resin. An alternative method consists in partly modifying the nature of 
groups present in a homogeneous polymer, as, for example, in the partial hydrolysis of 
polyvinyl acetate to polyvinyl alcohol. One of the best examples is the copolymer of vinyl 
acetate and vinyl chloride. Polyvinyl chloride is not easy to mould or dissolve, but it is 
tough and has in general good mechanical properties, whereas polyvinyl acetate has 
roughly the opposite characteristics. A mechanical mixture of the two does not achieve 
the desired result, which is only attained by interpolymerisation. Another incidental 
use of interpolymerisation is the inducement of certain molecules to form products of high 
molecular weight. Butadiene does not form such products, yet by interpolymerisation 
with methyl methacrylate or acrylonitrile the requisite molecular size may readily be 
obtained. Similarly, methyl tsopropenyl ketone may be induced to polymerise much more 
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readily if it is mixed with methyl vinyl ketone. Here the most surprising result is that in 
the photopolymerisation the rate of interpolymerisation is greater than that of methyl 
vinyl ketone itself (T. T. Jones, private communication). On the other hand, in the liquid- 
phase interpolymerisation of styrene and methyl methacrylate the rate is rather less than 
the mean value of the polymerisation rates of the pure monomer (Norrish and Brookman, 
Proc. Roy. Soc., 1939, A, 171, 147). Again, butadiene functions as an inhibitor for the 
photopolymerisation of methyl acrylate and vinyl acetate (unpublished experiments). 
These are only random observations, but when they are extended and sufficiently system- 
atised it will be possible to treat the problem upon a proper kinetic basis and thus permit 
predictions to be made regarding the speed of such interpolymerisations and the structure 
of the resulting products. 

Another interesting way of making mixed molecules utilises the observation that, if the 
vapour of methyl methacrylate or of chloroprene is illuminated, a polymer is deposited on 
the walls of the reaction vessel which continues to grow for a considerable time after the 
light is cut off. If, e.g., chloroprene vapour is admitted to a vessel containing live poly- 
methacrylate, polychloroprene will be formed on top of the methacrylate. Similarly, if 
the chloroprene is withdrawn and methacrylate vapour substituted, a layer of poly- 
methacrylate will grow on top of the polychloroprene; a molecular sandwich is thereby 
built up, and this process may be repeated many times. Again, we may start with live 
polychloroprene and go through the same cycle of processes. If a mixture-of vapours is 
admitted, then a rather different type of composite polymer may be built up. Methyl 
isopropeny] ketone likewise may be induced to grow on live polymethacrylate. Limitation 
of this kind of molecular growth is readily done by destroying the activity at the end of the 
macromolecule. Iodine and atomic hydrogen are effective for methacrylate, and oxygen 
and gentle heat suffice for chloroprene. Once destroyed, the activity cannot be restored 
(Bolland and Melville, Osterreich. Chem.-Ztg., 1939, No. 10). 


Molecular Weight of Polymers. 


It might be supposed that if the molecular weight of the inactive polymer is determined 
by viscosimetric, end-group determinations or by the ultracentrifuge there is no necessity 
to devise any method of measuring the chain length of the active polymer just before its 
activity isdestroyed. Ifthe polymer chain is branched or even crosslinked, both determin- 
ations are a prerequisite for the elucidation of the structure of the polymer. Evenif the 
polymer is linear the information is useful. 

First of all, the possible kinetic methods may be mentioned. In catalysed liquid-phase 
polymerisations the chain length of the polymer might be expected to be given by the 
ratio of the number of monomeric molecules polymerised to the number of molecules of 
catalyst used up. The most extraordinary observation made in the benzoyl peroxide- 
catalysed polymerisation of styrene or of vinyl acetate is that the chain length so defined 
is greater than that determined by osmotic or viscosimetric methods. This means that one 
catalyst molecule must be capable in some way of starting the growth of several polymer 
molecules. How this is done is rather a mystery, although several‘transfer mechanisms 
have been postulated to explain how the active molecule may transfer its activity to a 
normal monomer molecule. 

Another method of attempting to measure the rate of production of active polymer 
consists in adding an inhibitor to the reaction mixture such that all growing polymers are 
ultimately poisoned. Under these conditions the rate of consumption of inhibitor molecules 
is exactly equal to the rate of production of active molecules. Since the rate of dis- 
appearance of monomer in the uninhibited reaction is also known, the chain length is 
easily computed. Examples of this method are found in the butadiene-inhibited polymeris- 
ation of methyl acrylate (Proc. Roy. Soc., 1938, A, 167, 99) and the stannic chloride-catalysed, 
hydrogen chloride-inhibited, liquid-phase polymerisation of styrene (Williams, J., 1938, 
246, 1046). 

The quantum yield in a photo-reaction cannot unfortunately be taken as a measure of 
the chain length because it is usually difficult to say whether each quantum of light absorbed 
starts off a polymer chain. Any chain length so obtained is thus a minimum value. In 
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the acetone-sensitised polymerisation of ethylene, vinyl acetate, and methyl vinyl ketone 
the rate of carbon monoxide production from the primary dissociation 


CH,CO-CH, —> CH,CO + CH, 


CH, + CO 
affords a measure of the rate of production of methyl radicals all of which can be shown to 
start off polymerisation. This method has the great merit that small amounts of carbon 
monoxide may readily be estimated in presence of large excess of monomer and acetone 
simply by freezing out the latter molecules with liquid air. In this way very long chain 
lengths can be measured (see, ¢.g., Chem. and Ind., 1940, 59, 267). 

Yet another method of measuring molecular weights kinetically consists in using 
hydrogen atoms to start polymerisation. Provided the hydrogen atom reaction can be 
studied to the exclusion of any other reaction—as it can with vinyl acetate—then the 
ratio of the number of molecules of monomer consumed to the number of hydrogen atoms 
which disappear is a direct measure of the chain length. In such a case it may be possible 
to discriminate between the two ways in which free radicals are destroyed, i.e., (i) by 
combination : 

0-CO:CH, Q-CO:CH; 
H—(V.A.),—CH,—_CH— —CH—CH,—(V.A.),—H 
0-CO-CH, Q:CO-CH, 
H—(V.A.),—CH,—-CH————_CH— CH, —(V.A.), -H 
or (ii) by disproportionation : 
‘CO’CH, O-CO-CH, 
H—(V.A.),—CH=CH + H,—CH,—(V.A.),—H 
In the latter case the molecular weight of the resultant polymer will be identical with the 
kinetic chain length multiplied by the molecular weight of the monomer. The difficulty 
of making an exact discriminating test is that the polymers are not all of the same size, 
being in fact distributed about a mean molecular size. The kinetic method gives essentially 
a number-average molecular weight whereas if the viscosimetric method is employed a 
weight-average molecular weight is obtained. Exact statistical calculations for this kind 
of polymerisation have indicated that the relationship between the two is rather complicated 
but the latter is larger than the former. With the vinyl acetate reaction the viscosimetric 
molecular weight is about three times that of the kinetic weight based upon the assumption 
of combination. It is therefore difficult to say which type of termination mechanism 
is predominant (Tuckett and Melville, unpublished observations). 


The Structure of Vinyl Polymers. 


The problem here is apparently simple. Suppose we consider a vinyl molecule A-B, 
then the question arises as to whether the polymer is built up regularly, ABAB, etc., or 
whether the structure ABBAAB occurs in any part of the polymer molecule. Generally, 
it would seem to be safe to say that the majority of such molecules are constructed accord- 
ing to the former plan. For example, polyvinyl alcohol prepared by hydrolysing polyvinyl 
acetate gives all the characteristics of 1: 3-diols: periodic acid does not react with it, 
nitric acid oxidises it to oxalic acid, and the absorption spectrum is similar to that of 
1 : 3-diols (Marvel, J. Amer. Chem. Soc., 1938, 60, 1045). Similarly (Marvel and Levesque, 
ibid., p. 280), in the products of pyrolysis of polymethyl vinyl ketone, 3-methylcyclo- 
hexenone may be isolated, and this can only be derived from an ABAB structure thus : 


CH 


7 
—cH,-(H  CH—-CH, 
co =. Co eau 
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Also (ibid., 1939, 61, 3234) if the polyketone is converted into the ketoxime and this is 
treated with alcoholic hydrogen chloride a cyclic product is formed, not in 100% but only 
in 86-5% yield : 

CH 


Pa 
—CH,—-CH—CH,—-CH-CH, _, -CH,-(H (¢H—CH,— 
CH,‘C:IN-OH CH,C:N-OH CH,;C  _CH-CH, 
‘7% 


The reason for this small yield will be explained below. Suffice it to say that it supports 
the ABAB structure. 

Again, comparison of the absorption spectra of polyvinyl chloride solutions with those 
of 2: 3- and 2: 4-dichloropentane shows that the latter molecule is the more similar to 
the polymer. When zinc removes halogen from polyvinyl chloride the resultant polymer 
is not unsaturated, which would happen if any halogen atoms were in the 1 : 2-positions 
(Marvel et al., J. Amer. Chem. Soc., 1939, 61, 3241). On the other hand, there is some 
evidence to indicate that methyl «-bromoacrylate is an ABAB product, for it exhibits re- 
actions of a 1 : 2-dihalogenated molecule; e¢.g., 97% of halogen is removed by zinc (Marvel 
and Cowan, ibid., p. 3156). ' 

It was mentioned above that removal of halogen by zinc from a polymer is not quantit- 
ative. The explanation of this behaviour suggests another way of tackling the problem 
of the structure of vinyl polymers, namely, by considering the statistics of the removal 
of halogen. The cardinal point is that, provided that crosslinking does not occur between 
chains as a result of halogen removal, two halogen atoms must be removed simultaneously— 
a single atom is necessarily unreactive. Consider polyvinyl chloride as an example. If 
the structure is that of a 1 : 3-dichloro-compound, then on reaction with zinc the first 
and second and fourth and fifth halogens might be removed and the third left. The 
problem is to calculate what fraction of chlorine is left isolated. Without going into 
details it can be shown that a fraction 1/e? is so left, 7.e., 13-5% (Flory, ibid., p. 1518). 
On the other hand, if the polymer is a random mixture of ABAB and ABBAAB and it is 
assumed that two chlorines in the 1 : 4-position do not react at all, then there are three 
possibilities : (a) 1 : 2- and 1 : 3-positions react equally quickly, (6) 1 : 2 reacts much more 
quickly than 1 : 3, and (c) vice versa. As a matter of fact each case gives rise to the same 
result, namely, that the fraction remaining is 1/2e or 18-4%. It will be seen that the dis- 
crimination cannot easily be made but the result shows that the proportion of chlorine left 
is less than 16% and may be as small as 13%, which would provide strong additional 
support for the ABAB structure. 

In the copolymer of vinyl acetate and vinyl chloride the presence of the acetate groups 
complicates the analysis but the results are substantially the same, favouring the ABAB 
pattern. 

In this connection it may be noted that if a monovinyl molecule of the structure 


CH,= ce polymerises by a mechanism involving the migration of a hydrogen atom each 
time a monomeric molecule adds on to the live polymer, thus : 


x 
—CH=CKE + CHECCE —> CH Pty 


. 


then the addition can only occur in such a way as to produce an ABAB polymer. Other- 
wise either an X or a Y group must be shifted. Even if hydrogen atom migration does not 
take place as in the free-radical polymerisation, it is probable that the polar nature of X 
or of Y is sufficient to ensure that the monomer will add on ina regularmanner. Although 
it would be unsafe to generalise from these few examples, it would seem probable that most 
polymers are of the ABAB type. 
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Matters are a good deal more complicated when dienes polymerise, for there are two 
possible structures for butadiene and three for chloroprene : 


Butadiene. Chloroprene. 
—CH,—CH=CH—CH,— 
—CH,-Ca— 
CH 
CH, 


The most that can be said is that both 1: 2- and 1 : 4-addition can occur. For example, 
the product from the sodium-catalysed polymerisation of butadiene gives on ozonolysis a 
polyaldehydic carboxy-acid, which would imply 1: 2-addition (Kummener, Kautschuk, 
1934, 10, 149). On the other hand, polymerisation in emulsion gives a polymer which on 
ozonolysis gives succinic acid and aldehyde and also butane-1 : 2: 4-tricarboxylic acid. This 
would mean that both 1: 2- and 1 : 4-addition occur. Curiously enough, if interpolymerised 
with methyl methacrylate, butadiene appears to add on in the 1 : 4-position, 1 : 2 being 
entirely absent (Hill, Lewis, and Simonsen, Trans. Faraday Soc., 1939, 35, 1067). There is 
some evidence that chloroprene may behave in the same versatile manner. This polymer is 
self-vulcanising, 7.e., it may be cross-linked without the need for the addition of sulphur. 
This cross-linking, for example by radiation, would seem to require that a vinyl side 
chain takes part in the reaction. 


Three-dimensional Molecules. 


The above remarks have been restricted to linear macromolecules. It is, however, 
possible to visualise molecules which branch like a tree or form three-dimensional networks 
of atoms. The question arises as to the identification of such types and the types of 
monomer from which they tend to be derived. The three-dimensional network is ob- 
viously a system which, if big enough, will not be broken up by immersion in any solvent. 
This fact precludes much work on its structure. At present there is no way in which the 
magnitude of the mesh of the net can be determined. Since such networks cannot be 
orientated by mechanical methods, any attempt at the determination of structure is not 
possible by X-ray technique. Furthermore, swelling characteristics are so qualitative 
that this mode of approach is not very helpful. Fortunately, it is easy to recognise those 
monomeric systems which are likely to give rise to crosslinked molecules. In the vinyl 
molecule all that is necessary is the existence of two vinyl groups in the monomer—whether 
they are separately or simultaneously activated does not at present matter. In the 
polycondensation type of reaction it is necessary to have at least three similar reactive 
groups in one of the molecules, as, ¢.g., the three hydroxyl groups in glycerol if this molecule 
is caused to react with a dibasic acid. There is, however, more in the problem that is 
implied by these simple statements. Geometrical criteria must also be satisfied. For 
example, aldehydes react readily with linear polyvinyl alcohol, but the resulting molecule 
is not crosslinked (unpublished observations). We must conclude, therefore, that although 
the following reaction can occur 


~Ci,;-C-Cl,-Ca— —CH,—CH-CH,-CH— 
OH OH O O 
CH:0 70 Now” 
R R 


the aldehyde cannot simultaneously react with two hydroxyl groups from different polyvinyl 
alcohol molecules. 

Another way of tackling the problem of crosslinking consists in examining the kinetics 
of the reaction for abnormal features. Such crosslinking depends primarily on branching 
of chains of atoms. In this connection it may be recalled that a similar hypothesis was 
put forward many years ago to account for the transition of slow to explosive combustion 
in a very narrow pressure and temperature range. Chemically the difference between the 
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two reactions is simply that in the polymer reactions the active patch on the growing 
molecule sometimes gives rise to two active patches in the bigger molecule, whereas in the 
explosive reaction two active centres or chain carriers emerge from a collision into which one 
entered in the first place. Kinetically the assumptions lead to precisely the same kind of 
mathematical expression for the reaction velocity. It is unnecessary here to enter into the 
algebra of the question: suffice it to say that the characteristics of such branching are 
(a) an abnormally high variation of rate with pressure, 7.e., high reaction orders which do 
not have any other rational explanation, and (6) a non-exponential relationship between 
rate and temperature in the sense that the rate varies with temperature even more rapidly 
than would be predicted by the usual Arrhenius relation. Another characteristic by means 
of which branching might be recognised is based on a small variation of rate with incident 
light intensity, if the reaction is photochemical. 

So far, only one reaction has been discovered which exhibits these anomalies, namely, 
the photochemical polymerisation of methyl vinyl ketone (Chem. and Ind., 1940, 59, 267 
and unpublished results). The results are most 
readily summarised in a diagram (Fig. 2) in which 
the logarithm of the rate is plotted as is usual 
against the reciprocal of absolute temperature for 
a number of different pressures. Apart from the 
interesting fact that the reaction. possesses a 
negative temperature coefficient, as do many 
photopolymerisations, the most marked feature is 
the abnormal increase in rate with decreasing 
temperature. Indeed, it would seem that the rate 
might become indefinitely large were it not for the 
fact that the vapour pressure puts a limit on the 
temperature that may be used at any one pressure. 
Similarly, we find that if the logarithm of the rate 

3O G2 34 36 is plotted against that of the pressure, the slope of 

wo/T. the resultant curve indicates not only a high order 

eS, oF — bap — but a rapidly increasing order with pressure. These 

} vee * are just the characteristics associated with branch- 

= vecnei neil iiiee iene ine, eal it is therefore interesting to find that the 

polymer is completely insoluble in all solvents. 

The problem of determining the precise reaction which causes branching and the frequency 

with which it occurs has not yet been solved. However, some guidance may be given by 

the following facts. Methyl vinyl ketone polymerises by rather an indirect method, in 

that the molecule first breaks up into radicals. These radicals then start off free-radical 
polymerisation, thus : 

CO-CH; ¢O-CH, CO-CH, CO-CH, 
R—CH,—CH— + CH,—CH —> -R—CH,—-CH— .—CH,—CH— 
If therefore the molecular chain is to branch by interaction with a monomer, three free 
valencies will have to be produced. This may happen in the following manner (provided 


the free radical collides with a ketone molecule which has just been activated photo- 
chemically) : 


Fia. 2. 














R— + CH,:CH:CO:CH; —> R:‘CH,CH-CO + CH;— 
The kinetics of the reaction show very clearly that the free radicals so produced mutually 
saturate each other and lead to a three-dimensional polymer. Incidentally, the fact that 


such a three-dimensional network is produced demonstfates that in this particular case 
when free radicals interact they combine and do not disproportionate. 


This review has been mainly confined to a particular class of macromolecules. No 
apology is made for such a one-sided view. The reason is simply that a little progress has 
recently been made in this branch of macromolecular chemistry. 
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Vitamins of the B Group. 
THE TILDEN LECTURE. 


DELIVERED BEFORE THE CHEMICAL SOCIETY ON JUNE 19TH, 1941. 
By A. R. Topp, D.Sc., D.Phil. 


To present a clearly defined picture of the vitamins of the B group is a matter of considerable 
difficulty. Such difficulty must always exist where our knowledge of a subject is still 
incomplete, but in the case of these vitamins it is magnified by the serious confusion in 
nomenclature which has for long existed and by the vagueness of the term “ vitamin B”’. 
In the absence of any simple and concise definition of the term we must seek for its origin 
and endeavour, before proceeding to a discussion of its constituents, to get some reasonably 
clear idea of its significance and scope. Historically the vitamin B group originated in 
the ‘‘ water-soluble B ” of McCollum and Davis (1915). These workers showed that rats 
reared on a synthetic diet would only grow normally if there were added two accessory 
factors “‘ fat-soluble A”’ and ‘‘ water-soluble B”’. . This water-soluble B, or vitamin B 
as it came to be called on the adoption of the term vitamin for accessory food factors in 
general, was obtained from a variety of materials, ¢.g., rice polishings, yeast. As these 
were known to contain Eijkmann’s antineuritic factor (the original “‘ vitamine ” of Funk), 
vitamin B was prematurely identified with that factor. It would not be possible within 
the limits of this lecture to review the many researches which gradually built up evidence 
for the view that vitamin B was not one substance but a complex mixture one of whose 
components was the antineuritic factor henceforth to be known as vitamin B,. The 
initial subdivision was of course into B, (thermolabile) and B, (thermostable), and it was 
really at this time (1926) that serious confusion originated. Had vitamin B, proved a 
single substance, matters would have been simple, but the realisation that it too was a 
mixture, coupled with an attempt to retain the “ vitamin B” nomenclature, simply led 
to chaos which is only now being cleared up. Thus, for example, some workers named 
one of the components of the thermostable factor vitamin B, (riboflavin), others applied 
to the factor the term vitamin B, complex or vitamin B complex, and others erroneously 
identified the component promoting rat growth with that which prevents human pellagra. 
The use of the word “‘ complex ”’ to describe what is after all only a mixture of vitamins 
is most unfortunate, but the term, like ‘‘ vitamin,” has become so embedded in the literature 
that it is unlikely to be abandoned until all the component substances have been severally 
isolated and named; it would seem preferable meantime, however, to substitute for it, 
as far as possible, the term “‘ vitamins of the B group”’. It should also be borne in mind 
that to-day the materials most frequently used as sources of the B vitamins are yeast and 
liver and that the group is usually taken to include factors necessary not only for rats but 
also for other animals and birds. The latter point is readily understood when it is 
remembered that the vitamin requirements of animals vary according to species—dogs, 
for example, do not require to have vitamin C added to their diet. 

In reviewing the present position of a subject so large and so complicated in develop- 
ment as the vitamin B group, only the barest outline can be given and no attempt will 
be made either to treat the various aspects chronologically or to present in detail all the 
experimental evidence. At the present time the well-known members of the vitamin B 
group are aneurin, riboflavin, nicotinic acid, pyridoxin and pantothenic acid, all of which 
have been structurally identified and synthesised. - To complete the list one must also 
take into account certain other biological entities not yet isolated in pure form, and also 
the probability that inositol, biotin, p-aminobenzoic acid and choline must be included. 
Doubts still exist in some quarters as to the inclusion of the latter substances, largely as a 
result of the vagueness of the term vitamin B and the diversity of experimental techniques 
employed in biological testing. It may simplify our discussion if we deal first with the 
main features of the well-established members of the group. 
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1, Aneurin (Vitamin B,, Thiamine). 


Aneurin has the distinction of being the substance for which the name “ vitamine ”’ 
was originally introduced by Funk (1912). As the factor whose absence from diet leads 
to the development of beri-beri it was the first vitamin to be identified biologically and the 
first to be isolated in a pure state as its hydrochloride (I) (Jansen and Donath, 1926). 
During the decade following its isolation many workers contributed to the elucidation of 
its structure; prominent among these was R. R. Williams, whose brilliant investigations 
played a major part. Final confirmation of the structure of aneurin was provided by 
complete synthesis (Williams, Cline, and Finkelstein; Todd and Bergel; Andersag and 
Westphal). Details of the chemical investigations need not be repeated here. To-day 
aneurin finds wide clinical application not only in the prevention and cure of beri-beri 
but also in many commoner but less acute manifestations of deficiency, ¢.g., peripheral 


neuritis and gastro-intestinal disturbances. 
CH,"[(CH-OH);°CH,-OH 


N an 
M O 
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2. Riboflavin (Lactoflavin, Vitamin B,, Vitamin G). 


After it had been definitely established that vitamin B could be separated into a 
thermolabile and a thermostable component (Smith and Hendrick, U.S. Publ. Health 
Reports, 1926, 41, 201)! efforts were made by many workers to isolate the thermostable 
factor affecting rat growth, but although by 1930 potent concentrates had been obtained, 
the recognition that riboflavin was at any rate a part of it came from a rather different 
angle. In 1933 Kuhn, Gyérgy, and Wagner-Jauregg (Ber., 1933, 66, 1034) isolated in pure 
form a pigment from whey to which they gave the name lactoflavin (now generally called 
riboflavin in nutritional work). As a result of researches by Kuhn and Karrer and their 


Me CH,°CH,-OH 


collaborators the pigment was shown to have structure (II) and its synthesis was effected. 
Riboflavin was recognised to be a component of the thermostable part of vitamin B, 7.e., 
it was the rat growth factor “‘ vitamin B, ” (Kuhn, Gyérgy, and Wagner-Jauregg, loc. cit.). 
Riboflavin was also obtained from liver, yeast, and many other materials and was found to 
be a constituent of the “‘ yellow enzyme” isolated from yeast in 1932 by Warburg and 
Christian, 


3. Nicotinic Acid (Pellagra-preventive or P.P. Factor). 


Although nicotinic acid (III) was obtained from an extract of rice polishings by Funk 
in 1911, it was not until 1937 that it was recognised as the pellagra-preventive factor, a 
member of the vitamin B group. It had been suggested as early as 1915 by Goldberger 
and his collaborators that diet played a major réle in the development of pellagra, but it 
was not until it was found that the thermostable portion of vitamin B had pellagra-pre- 
ventive properties (ca. 1926) that serious search for this factor began. For a number of 
years great confusion reigned, largely as a result of failure to distinguish between human 
pellagra and outwardly similar forms of dermatitis in rats and chicks. Success came 
ultimately when Elvehjem, Madden, Strong, and Woolley (J. Amer. Chem. Soc., 1937, 
59, 1767) showed that nicotinic acid would cure blacktongue in dogs, a condition analogous 
to pellagra, and isolated nicotinamide from liver extracts. Immediately following this 
work nicotinic acid was successfully applied in the treatment of pellagra in human beings, 
and similar conditions in pigs and monkeys were cured by the same means. The pellagra- 
preventive factor is thus usually considered to be nicotinic acid. It may well be that it 
is simply the precursor of the amide or some other more labile derivative synthesised from 
it in the body. It is, of course, true that pellagrins are usually found to suffer from a 
multiple vitamin deficiency, but nicotinic acid deficiency is certainly responsible for their 
characteristic symptoms. In passing it may be noted that rats do not require to have 
nicotinic acid present in their diet. The pellagra-like conditions which are seen in rats 
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and chicks when reared on certain B deficient diets are due to lack of other vitamins 
mentioned below. 
CH,"OH 


(III.) ( \co.H Ho( Spr ‘OH (IV.) 
\nZ 3\NnZ 


HO:CH,*CMe,*CH(OH)-CO-NH-CH,°CH,‘CO,H_ = (V.) 


4. Pyridoxin (Vitamin B,, Adermin). 


The experiments of Gyérgy (1934—1936) showed that “ rat pellagra ’’ or “‘ rat derma- 
titis,”’ a condition at one time confused with human pellagra, could be cured by a factor 
present in yeast to which he gave the name vitamin B,. This factor was subsequently 
shown to be identical with the “‘ yeast eluate factor ” of Macrae and co-workers. Vitamin 
B, or pyridoxin (IV) was isolated almost simultaneously by a number of investigators 
in 1938 (Lepkovsky, Gyérgy, Kuhn and Wendt, Keresztesy and Stevens, Ichiba and 
Michi) and in the course of a year its structure was elucidated and it had been synthesised 
(Harris and Folkers, Science, 1939, 89, 347; Kuhn, Westphal, Wendt, and Westphal, 
Naturwiss., 1939, 27, 469). As yet insufficient data are available to permit an estimate 
of the clinical value of this vitamin, but animal experiments suggest that it may be of 
some importance. Deficiency in animals does not merely cause dermatitis; it produces 
convulsive fits very similar to epilepsy in pigs (Chick, Macrae, Martin, and Martin, Biochem. 
J., 1938, 32, 2207) and other animals, and dogs deprived of it show a rather typical micro- 
cytic anemia (Fouts, Helmer, Lepkovsky, and Jukes, J. Nutrition, 1938, 16, 197). 


5. Pantothenic Acid. 


The occurrence of a dermatitis resembling pellagra in chicks reared under conditions 
of controlled deficiency is due, as has already been mentioned, not to nicotinic acid de- 
ficiency but to the lack of a further vitamin of the B group which has been in the past 
called the “ chick anti-dermatitis vitamin ”’ or “ filtrate factor’. Although it proved 


very elusive—indeed it has not yet been isolated from natural sources in a pure condition— 
sufficiently potent concentrates were obtained by 1939 for Jukes (J. Biol. Chem., 1939, 
129, 225) and Woolley, Waisman, and Elvehjem (7bid., p. 573) to identify it with the substance 
known as pantothenic acid (V). This acid was discovered and named by R. J. Williams 
and his collaborators (J. Amer. Chem. Soc., 1933, 55, 2912), who recognised it as an acidic 
water-soluble substance of very widespread distribution which was an important growth 
factor for yeast. Investigations by these workers over a period of years, although they 
did not lead to the isolation of a really pure specimen, did enable them to deduce the 
essential features of its structure. The accuracy with which these features were deduced 
is remarkable and the account of R. J. Williams’ experiments makes fascinating reading. 
The final work leading to complete structural determination and synthesis was carried out 
in association with the team of workers at the Merck Research Institute which has been 
prominently associated with work on several of the vitamins of the B group (Williams and 
Major, Science, 1940, 91, 246; Stiller, Keresztesy, and Finkelstein, ]. Amer. Chem. Soc., 
1940, 62, 1779; Stiller, Harris, Finkelstein, Keresztesy, and Folkers, ibid., p. 1785). 
Parallel with investigations on the chick anti-dermatitis vitamin a number of workers 
were searching for the factor or factors in liver or yeast filtrates (7.e., filtrates from fuller’s 
earth adsorbates) which stimulated the growth of rats receiving as supplements aneurin, 
riboflavin, nicotinic acid and pyridoxin; in its absence growth was very small. The, 
complexity of investigations on this topic cannot be described here; a fairly recent account 
has been given by Lepkovsky (Aun. Rev. Biochem., 1940, 9, 400). The results, however, 
can be briefly summarised. The rat growth factor in liver filtrates is composite in nature, 
one component (factor «) being extracted from acid aqueous solutions by amyl alcohol or 
ether, the other (factor 8) remaining in the aqueous phase under these conditions (El 
Sadr, Hind, Macrae, Work, Lythgoe, and Todd, Nature, 1939, 144, 73). Factor « has been 
shown to be identical with pantothenic acid and to be biologically distinct from factor 8 
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(Lythgoe, Macrae, Stanley, Todd, and Work, Biochem. J., 1940, 34, 1335). Factor 8 has 
not yet been isolated, although experiments to that end are in progress. 


In addition to factor 8 there is evidence from various sources for the presence of at least 
one further rat growth factor in liver. This missing factor, to which my colleagues and I 
apply the term factor y (Lythgoe e¢ al., loc. cit.), is present in acid autoclaved extracts of 
whole liver. Recent unpublished experiments by Dr. Lythgoe in my laboratory have 
shown that factor y is not identical with biotin, although crude concentrates of factor y 
usually contain biotin. This observation is of considerable interest in view of recent 
work on the so-called vitamin H. This name was given by Gyorgy (Z. drtzl. Fortbildung, 
1931, 28, 377, 417) to the factor which prevents or cures “ egg-white injury,” a pellagra- 
like condition arising in rats to which excess of egg-white is fed. The identity of vitamin H 
with biotin has recently been established (du Vigneaud, Melville, Gyérgy, and Rose, 
Science, 1940, 92, 384). We have here an apparent anomaly in that the work on vitamin H 
suggests that biotin is indispensable for the rat whereas the work on factor y indicates that 
it hasno growtheffect. The most probable explanation is that biotin is normally synthesised 
in adequate amount by the bacterial flora of the rat, an explanation which is perhaps 
supported by the relatively high concentration of biotin found in the intestine. Biotin 
ought on this basis, perhaps, to be included among the members of the vitamin B group, 
although it may be that most animals will only suffer from a deficiency when this arises 
through the intervention of some external agent (e.g., in egg-white injury). 

Of the various substances so far mentioned, biotin (Kégl and Ténnis, Z. physiol. Chem., 
1936, 242, 43) and pantothenic acid are perhaps better known as essential growth factors 
for yeast and other micro-organisms. The same kind of function can be allotted to other 
members of the B group, and this leads to a consideration of the important relationship 
between vitamin B and “ bios”. Wildiers (Cellule, 1901, 18, 313) observed that, though 
yeast would not grow appreciably in a solution of sugar, ammonium tartrate and the 
mineral salts of yeast ash, prolific growth could be obtained by adding a small amount of 
a sterile decoction of yeast, and he introduced the term “ bios ”’ to describe the unknown 
growth-stimulating factor or factors in such yeast decoctions. It would be out of place 
to trace here the development of “ bios,” but the investigations of Lash Miller, R. J. 
Williams, K6gl and many others have led to the recognition of a number of its constituents. 
Of the well-established members, aneurin, pyridoxin, biotin, pantothenic acid and inositol 
may be mentioned. Closely related to bios investigations are those on growth factors for 
other micro-organisms in which, in addition to the above, riboflavin, nicotinic acid or its 
amide, p-aminobenzoic acid, and choline (all of which occur in vitamin B extracts) have been 
found essential in certain cases. 

The fact thus apparent that the vitamins so far discussed are also essential growth 
factors for micro-organisms, taken in conjunction with the common sources of bios and the 
vitamin B group, suggests strongly that the two are really identical. It is worthy of note 
that this idea was expressed by R. J. Williams as early as 1919 (J. Biol. Chem., 1919, 38, 
465). On this basis we might expect to find that inositol and p-aminobenzoic acid, both 
known as growth factors for micro-organisms, may function as vitamins for animals, and 
quite recently evidence has been obtained that this is indeed the case. Woolley (Science, 
1940, 92, 384) has shown that inositol prevents or cures alopecia in rats, and the evidence 
of Ansbacher (Science, 1941, 93, 164) suggests that deficiency of p-aminobenzoic acid may 
be the reason for the greying of hair (achromotrichia) often observed in B-deficient rats. 
Similarly, evidence from various sides suggests that choline plays a definite part in rat 
nutrition. 

When it is remembered that certain members of the vitamin B group have been shown 
to have a definite function in higher plants and in insects, it becomes obvious that the 
substances we are discussing must play a vitally important part in life processes. What 
that part is we do not knowwith certaintyin all cases, but evidence as to function is available 
in the case of certain members. In 1937 Lohmann and Schuster (Biochem. Z., 1937, 294, 
188) isolated in crystalline form the co-enzyme (co-carboxylase) of the yeast enzyme 
carboxylase, which catalyses the decarboxylation of pyruvic acid, and showed it to be 
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aneurin pyrophosphate; this structure was subsequently confirmed by synthesis (Tauber, 
J. Amer. Chem. Soc., 1938, 60, 730). It has since been found that aneurin pyrophosphate 
plays a similar réle in micro-organisms (Lipmann) and in animal tissues (Peters) as a 
component of pyruvic oxidases. In animals it appears that the aneurin absorbed from 

foodstuffs is phosphorylated in the body. 
Co-enzyme function also applies in the cases of nicotinic acid and riboflavin. The 
original discovery of Harden and Young (Proc. Roy. Soc., 1906, B, 125, 171) that a thermo- 
stable dialysable component co-zymase (co- 








NH, enzyme I or co-dehydrase I) of yeast was 

/\co-NH __/NSN essential to fermentation has been followed by 
| ) HCE — ) much work directed to its isolation and identi- 
N” | N” fication. Largely through the work of v. Euler 
i CH and Myrback on co-zymase and of Warburg 
1. H | H—oH | and his school on the very similar co-enzyme 
H—\-OH H—|-OH II from mammalian red blood corpuscles it is 
H— H “i i cll, now possible to assign a tentative formula to 
CH,,O——P—O0—P—O-CH, co-zymase (VI) (v. Euler and Schlenk, Z. physiol. 
D1) re) Chem., 1937, 246, 64). Co-zymase is thus 


described as diphosphopyridine nucleotide 
(DPN) and co-enzyme II has a similar structure except in so far as it contains three 


phosphoric acid residues, being consequently known as triphosphopyridine nucleotide 
TPN). 

ts two substances, in each of which a nicotinamide residue occurs, form the pros- 
thetic group of a large class of enzymes (pyridinoproteins) intimately concerned in carbo- 
hydrate metabolism. The co-enzymes function in the enzyme systems as hydrogen 
acceptors, hydrogen being removed from the substrate and the co-enzyme reduced to a 
dihydro-derivative ; this reduction is a reversible process and on its reversibility depends 
the catalytic function of the enzymes. The nicotinamide residue is the part of the molecule 
concerned in the oxidation-reduction process, the case being quite analogous to the re- 
versible reduction of, say, nicotinamide methiodide. 


( \CONH: 4 of =e ( Nco-nH, 4 yx 
Ry, wy, 
x 


N 
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Co-enzyme II is concerned in, for example, the oxidation of hexosemonophosphate 
whereas co-enzyme I does not function in this reaction but in, for example, lactic and 
triosephosphoric acid systems. The large class of pyridinoproteins falls into two distinct 
groups in which the specific proteins are combined with one or other of these co-enzymes. 

Intimately bound up with the functioning of co-enzymes I and II are the so-called 

flavoproteins, enzymes containing 

CO w NH, riboflavin derivatives as prosthetic 

\n_ groups. Perhaps the most widely 

uc ch-( | known of these is the yellow enzyme 
NNZY which Warburg and Christian 
originally obtained in 1932 from 








, q bottom yeast; this is a conjugated 
; H——OH H—|—OH } protein containing riboflavin-5- 
(VII.) i OH OH a) OH | phosphate as prosthetic group. 
L “a w A number of flavoproteins have 

CH,*0 i O-F 0-H, been isolated from various sources 


and the prosthetic group of several 
(e*g., Straubs’ heart flavoprotein, the yeast flavoprotein of Haas, and amino-acid oxidase) 


has been shown to be a flavinadenine dinucleotide whose structure may be expressed 


by (VII). 
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Flavoproteins are concerned in the re-oxidation of dihydro-coenzymes I and II, being 
themselves reduced to leuco-compounds in the process. To complete the cycle the leuco- 
flavoproteins are re-oxidised by molecular oxygen, in certain cases directly and in others 
by intervention of a carrier whose nature is at present unknown but which can be replaced 
in the laboratory by such compounds as methylene-blue. The following scheme indicates 
roughly the process for the preliminary oxidation of hexosemonophosphate. 


(1) Hexosemonophosphate + H,O + co-enzyme II—+» phosphohexonic acid + di- 
hydro-coenzyme II. 

(2) Dihydro-coenzyme II + flavoprotein —> co-enzyme II + dihydroflavoprotein. 

(3) Dihydro-flavoprotein +- O, —-> flavoprotein + H,O,. 


These examples show, then, the great importance of at any rate three members of the 
vitamin B group in the metabolism of the living cell and it seems to the writer reasonable 
to imagine that similar functions will be in due course assigned to the other vitamins of 
the group. Such a view is perhaps supported by the fact that pyridoxin, biotin, and 
pantothenic acid all exist in tissues in combined form. This conception of the vitamin B 
group as simply a storehouse of co-enzymes required for vital processes is an attractive 
one and, besides making the importance of the vitamins to all forms of life readily under- 
stood, it suggests many possibilities for future work and development. A few points that 
strike one may be briefly mentioned in conclusion. This conception may prove of service 
in chemotherapeutic studies both in the search for new agents and for the understanding 
of their mode of action. Progress has already been made in this direction following the 
discovery of the antagonism of -aminobenzoic acid and sulphanilamide in bactericidal 
tests (Wood and Fildes, Chem. and Ind., 1940, 59, 133). A possible explanation of this 
antagonism is that both these substances compete for some specific protein functioning 
in an enzyme system in the bacteria (cf. Fildes, Lancet, 1940, i, 955: Stamp, zbid., 1939, 
ii, 10). From this point of view the study of the bactericidal properties of sulphur-con- 
taining analogues of nicotinamide commenced by MclIlwain (Nature, 1940, 146, 653) is 
of great interest. The production of biotin deficiency in animals mentioned above, by 
egg-white injury, may be related to the toxic effect of certain other proteins (¢.g., in snake 
venom) ; here again competition with a specific protein for a particular co-enzyme may be 
the clue. 

The account which has been given of the vitamins of the B group is very incomplete 
and does scant justice to a multitude of sustained and brilliant researches carried out by 
many workers. It may, however, serve to focus some attention on the merging of several 
lines of chemical and biological research into one field. Knowledge of that field is still 
incomplete, but its further investigation promises to take us still nearer to a true under- 
standing of at any rate some aspects of the chemistry of living matter, an understanding 
which must be the ultimate goal of organic chemistry. 
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Complex Formation. 
THE EIGHTH LIVERSIDGE LECTURE. 
DELIVERED BEFORE THE CHEMICAL SOCIETY ON May 15tu, 1941. 
By N. V. Sipewick, C.B.E., D.Sc., LL.D., F.R.S. 


THE principles involved in complex formation are now clear. Half a century ago Werner 
detected and emphasised its fundamental characteristic, the existence of a central atom 
having a definite number (independent of its periodic group) of other atoms or groups of 
atoms attached to it by non-ionic links; he systematised and extended our knowledge 
of such compounds, and established the principles of co-ordination chemistry on a firm 
experimental basis. When the electronic nature of valency was made evident, mainly 
through the work of Rutherford and Bohr on one side, and of G. N. Lewis and Kossel on the 
other, it was easy to apply it to the Werner system of compounds with the help of the co- 
ordinate or dative link (first suggested by Lewis in 1916), and to show the cause of the 
regularities which Werner had detected. 

But while the principles are clear, and many of the more important groups of com- 
plexes have been recognised, a great deal still remains to do in systematising and com- 
pleting the mass of experimental data accumulated by Werner and his successors. It is 
fairly obvious what in general are the factors which determine the stability of a complex 
molecule; but how their magnitudes are affected by the character of the atoms and groups 
concerned can only be discovered by a thorough review of the facts. It is this side of the 
subject which I propose to discuss. I have no startling new generalisations to put forward ; 
nor on the other hand do I wish to trouble you with a mass of index learning, and as Pope 
says, to hold the eel of science by the tail; but perhaps some of the more important con- 
clusions which emerge from such a study are worth consideration, if only as suggestions 
for future work. 

A complex molecule is a group of covalently linked atoms, in which some at least of 
the shared pairs of electrons are not drawn one from each of the two atoms they link. 
This rather clumsy definition is the best we can give; the two shared electrons of the link | 
may both be drawn from one of the two atoms (the typical co-ordinate link A<-B), 
or one of them may come from another non-linked atom, as in many complex ions. A 
much simpler but not completely satisfactory definition is that a complex molecule is one 
in which an atom has a covalency greater than its valency. 

Complexes can thus arise by a variety of mechanisms, ranging from the simple direct 
co-ordination as in (CH,);B<-NH, to such complicated electronic rearrangements as 
occur in beryllium “ basic’’ acetate, Be,O(O-CO-CH;),, in whose formula no simple 
symbols can show the source of the shared electrons of each link, though enumeration 
proves that the necessary number is available. In the ordinary co-ordinate link the two 
atoms play different parts, and the one which contributes the two electrons is known as 
the donor, and the other as the acceptor. The more important factors in the stability of 
a complex AB, are obviously the nature of the acceptor or central atom A—its atomic 
number, its valency, and its co-ordination or covalency number—and on the other hand 
the nature of the donor atom and of the other atoms (if any) attached to it, like the hydrogen 
atoms in ammonia or the oxygens in the nitro-group. 

A very common and important form of complex is the complex ion—a complex molecule 
with a positive or a negative ionic charge; these can be formed by the co-ordination of 
donor atoms in such molecules as water or ammonia to the cation, as in [Cu(<-NH,),]SO,, 
or by the addition of anions to a neutral compound as ina ferrichloride M[FeCl,], where we 
may consider that a chlorine ion co-ordinates as donor to the iron in FeCl,. ‘The complex 
ion is characteristic of complex molecules in general, and may be regarded as typical of 
the whole class. 

We may write the reaction by which a complex ion is produced 


yM([B} + AB, — yl AB, + y] 
GG 
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giving for the equilibrium (the brackets here representing concentrations) 


[AB, , v)/ [AB,].[B/)= K 


where K is the stability constant for the formation of the complex from its components, 
and is larger, the more stable the complex. Whether the complex salt can be made to 
separate from a solution of its components depends on the value of K, and the solubilities 
or solubility products of MB, AB, and M,[AB,,,]. Such salts are usually prepared 
from aqueous solution, but in any case from some liquid phase. 

Usually M is an alkali metal, whose salt is likely to be very soluble, so that the separ- 
ation of the complex salt will essentially depend on its having a large stability factor K 
and a small solubility, which will of course vary with M. The complex acids from which 
these salts are derived are nearly always strong (the central atom is normally unable to 
increase its covalency by taking up a hydrogen atom), and hence the alkaline salts are less 
soluble the heavier the alkali metal. This is why the potassium salts of complex acids 
are as a whole much better known than the sodium salts, while of some such acids only 
the cesium salts have been prepared. 

Another factor is the concentration of the binary compound AB,. So far as this 
ionises, or is hydrolysed by the water, or dissociates into a lower AB compound and free 
B, this concentration is diminished, and the probability of the separation of the complex 
is less; the same thing happens if the solubility of AB, is very small, as occurs with some 
fluorides. But all these unfavourable factors may be overcome if the stability of the 
complex is great enough (if K is sufficiently large). 

After these general and a priori remarks, we have to consider the actual facts presented 
by preparational inorganic chemistry ; this involves a survey of the whole field of complex 
chemistry, so as to discover what kinds of complexes are formed, and what are their 
stabilities. The results cannot as a rule be expressed quantitatively, and so they must 
to some extent depend on the taste and fancy of the surveyor; but I have tried to collect 
the facts and estimate their value as impartially as I can. Anyone else who carried out 
this survey would no doubt differ from me in some details, but not, I think, on any of the 
main conclusions. 

The behaviour of elements in the formation of complexes depends on their atomic 
structure and their valency, and these are most easily expressed by the number N of 
electrons in the outermost group of the core when the atom has the valency in question. 
With elements of inert-gas structure (typical and A elements in their group valencies) N 
is of course 2 for the first period and 8 for the rest; with the B elements in their group 
valencies it is 18; with transitional elements in valencies lower than those of the groups 
it is greater than 8 and less than 18. A list of transitional values of N is given in Table I. 

We may now consider the influence on the complexes of (1) the acceptor and (2) the 
donor. 

TABLE I. 
Values of N. (Sizes of Cores). 


Valency. 


I 

II 
III 
IV 
Vv 
VI 
VII 
Vill 


1. Acceptors. 


Effect of Valency.—It is found that the tendency to form complexes is greatest with 
valencies of 2 and 3, though isolated examples of strong complex formation with other 
valencies can be found, as with monovalent silver and tetravalent platinum. This result 





=~ Fn ww, Ss _— ww 


oO 2 A O WM 


d 
x 
r 
t 
t 
t 
e 


[1941] Sidgwick : Complex Formation. 435 


is to be expected; on the one hand an increase of valency increases the tendency to co- 
valency formation, while on the other a high valency involves a still higher covalency in 
the complex, so that it restricts both the number and (since the highest covalencies are less 
stable) the stability of the complexes formed. Thus trivalent iron can form complexes 
with covalencies of 4, 5, and 6; pentavalent phosphorus only with 6; hexavalent molyb- 
denum can only form complexes with the rare covalencies of 7 and 8. 

Effect of Atomic Structure.—In general this is what we should expect. Apart from 
the very strong tendency of beryllium and boron (N = 2) to complete their octets by 
co-ordination, which is a natural result of their small size, we find that the A ions of inert- 
gas structure (N = 8) have less co-ordination tendency than those of the B elements 
where N = 18 (pseudo-inert-gas structure): where the “inert pair’’ appears (NV = 20, 
as in Tl and Sn”), the tendency is very small. 

In the large class of transitional elements in the wider sense, with valencies less than 
those of their groups (i.e., where 8 < N < 18) the evidence shows that the tendency is 
small when N does not greatly exceed 8; from N = 13 to N = 17 it is larger than with 
any other N values (about a third of the known types of complex compounds are formed 
by central atoms from Group VIII); but nearly all the atoms of really high co-ordinating 
power are among those where N = 14 (Fei, Rui, Osi, Coiii, Rhiil, Iriii, Pdiv, Ptiv) and 
N = 16 (Ni, Pd#, Pt, Autti), Trivalent chromium (N = 11) is practically the only 
complex builder of the first rank outside these two classes. 

It is of course obvious that since the atoms of elements in the later periodic groups 
have the smaller radii * they are the most likely to form covalencies, but we do not know 
why these two particular classes (V = 14 and 16) should be especially active. The 
anomalous position of chromium has long been recognised; trivalent chromium resembles 
trivalent cobalt not only in the number and composition but in the behaviour and even 
in the colour of its complexes, though the difference of 3 in the atomic number would seem 
to exclude the possibility of any analogy in structure. 

Co-ordination Number.—This, which is the next point to consider, depends on the nature 
of Aand B. As we should expect, it is in general greater, the higher the valency of A; 
thus for divalent platinum it is 4 and for tetravalent 6; for monovalent copper, silver, 
and gold it seldom exceeds 3, while for these elements in the polyvalent state it is 4 and 
sometimes 6. 

Some central atoms favour particular co-ordination numbers in all their complexes; 
the most striking of these is auric gold, whose compounds are all complex, with a co- 
ordination number of 4. Others which are almost or quite confined to one co-ordination 
number are (the N values are added in parentheses): for a co-ordination number of 4, 
Rhii (12), Pd# and Pt (16): for the commoner number of 6, Cr# and Re” (11); Ru'¥ 
and Os‘¥ (12); and finally Coif, Irii, Pdiv, and- Pti* (14): all these except Cri# and Re'v 
have even values of N. 

The co-ordinating power of a central atom can be greatly modified by the other atoms 
already attached to it. For example, many simple halides are strong acceptors, but the 
replacement of their halogen atoms by other. groups markedly reduces this property. 
Thus boron trihalides will co-ordinate readily with nitrogen or oxygen atoms; boron 
trialkyl does so with nitrogen but not with oxygen, and boron trioxide will not attach 
itself even to nitrogen. In the same way the conspicuous power that stannic chloride 
has of taking up two molecules of aldehyde or ketone is greatly reduced if one of the four 
chlorine atoms is replaced by an alkyl group, and if more than one is so replaced it is 
destroyed. This effect of the replacement of halogens by alkyls is surprising, since there 
is presumably some back-co-ordination with the halogen but none with the alkyl, so that 
one would have expected the opposite effect. 

The relation of the co-ordination number to the nature of B is also peculiar. It must 
ultimately depend on both A and B; but just as some A’s have only one co-ordination 
number whatever the B, so some B’s are much more limited than others in the variety 

* The differences are not large; the ions must be compared in the same valencies, so that the data 
are limited, but the following radii of divalent ions in the first long period are known: Ca 1-06, Mn 
0-91, Fe 0-83, Co 0-82, Ni 0-76, Cu ca. 1-0, Zn 0-83. 
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of co-ordination numbers they show with any given central atom. For example the 
complex cyanides M,[A(CN),] and the nitro-compounds * M,[A(NO,).] of any given central 
atom are usually found to be only of one type (not always both of the same type), while 
in other complexes, such as the ammines and the complex halides, each central atom 
forms several types of complex. Examples where the cyanide and nitro-complexes are 
only (or almost only) of one type are given in Table IT. 


TABLE II. 
Co-ordination Numbers of Cyanide and Nitro-complexes. 

Agi Cull Hgii R.E. ti Biiii Moili Mo'v Mov 
OF acids 2 4 3(4) — a s s 8 
ee 2 5, 6 3 5 6 ~ = — 

Wir wr Mn Mnilt Feit Feil Coli Coli Nil 
—— 8 8 6 6 6 6 6 6 4 
BG, comes — — -- — 6 _ 6 6 6 

Ruiii Osiii Osvi' Rhiti Triii Pdii Pti Ptiv 
en -- — -. 6 6 4 4 6 


eonses 5 6 6 6 





The N values of these atoms are widely and more or less equally spread; the co- 
ordination numbers are nearly always the same for the cyanides as for the nitro-com- 
pounds, and most commonly 6. On the other hand with such complexes as the ammines 
or halides the number of types with one central atom is often large. It is possible that 
these numerous types are not really all different complexes, but that some are crystal 
aggregates. This is less likely to happen—the composition of the solid is less likely 
to differ from that of the complex—when the anions of which it is made up are those of 
weak acids like hydrocyanic or nitrous acid than when they are the anions of strong acids 
like the halogen hydrides, or neutral molecules like ammonia. Another possible reason 
for the difference, which applies to the halides but not to the ammines, is that while groups 


of a marked and fairly rigid shape, like the linear -C=N and the Y-shaped NOY will 


only adapt themselves geometrically to particular types of complex, monatomic ions such 
as those of the halogens are more easily fitted in to a variety of structures. 

A very remarkable cyanide group is that of the octacyanides M,[A(CN),]; these com- 
pounds are formed by pentavalent and tetravalent molybdenum and tungsten (NV = 9 and 
10) but apparently by no other elements, though trivalent molybdenum (N = 11) gives 
the very similar 8-covalent complex M,{[Mo(CN),(OH,)]; the tetravalent molybdenum 
complex K,[Mo(CN),] is the only 8-covalent structure which has yet been investigated by 
X-ray analysis (Hoard and Nordsieck, J]. Amer. Chem. Soc., 1939, 61, 2853). It is to be 
noticed that potassium permanganate, which oxidises every other known compound of 
pentavalent molybdenum or tungsten to the hexavalent state, has no action on the 
octacyanides, showing both the extreme stability of these complexes and also that, though 
they occur with tetra- and penta-valent molybdenum and tungsten (N = 9 and 10), they 
cannot be formed by hexavalent (N = 8, in the group valency). 

The few 5-covalent molecules whose structures have been established by physical 
means include only one complex, iron pentacarbonyl, and no complex ions. It is therefore 
possible that double salts which appear to have ions of this co-ordination number may be 
aggregates of simpler ions. They are fairly frequent among complex halides; otherwise, 
apart from a few ammines of undetermined constitution, they are practically confined to 
some of the nitro-compounds (of Cu, rare-earth metals, Ru‘!, and Osi); the relatively 
frequent occurrence of this type in the small group of nitro-complexes suggests that these 
have a true 5-covalent structure. 

* The complex nitrites are of two isomeric types, with the NO, group attached to the central atom 
by oxygen and by nitrogen respectively; the former (A-O-N=—O) are nitrito-compounds, and the latter 


O 
(anG ), which are much more numerous and more stable, are properly called nitro-compounds. 
oO 
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The question whether the co-ordinating power increases or diminishes as the acceptor 
changes from a lighter t6 a heavier element in the same sub-group is not easy to answer. 
If we are considering the power of each element as a whole—in all its valencies—we must 
remember that in the B sub-groups a rise of atomic number leads to an increase in the 
stability of the lower valency due to the “inert pair’, a valency which is relatively un- 
important in complex formation; thus in lead the tetravalent state has in itself more 
tendency to co-ordinate than the (“ inert pair’) divalent, but its complexes are made less 
stable by their easy reduction to the lower state. On the other hand, in the transition 
elements of the A sub-groups and Group VIII a rise in atomic number diminishes the 
stability of the lower valencies; also with these elements the ionisation, which opposes 
complex formation, falls off rapidly with a rise of atomic number, even in one particular 
valency. 

If we consider the change not in the sub-group as a whole, but in any specified valency 
of it, the conclusion seems to be that with the A elements in their group valencies (NV = 8) 
the co-ordination tendency rises somewhat; with the B elements (N = 18) it is little 
affected; and in the transitional elements below their group valencies (8 < N < 18), and 
especially in trivalent and tetravalent palladium and platinum, there is a definite rise 
as we pass to the lower periods. 


2. Influence of the Character of the Donor. 


We have now to consider the donor side of the co-ordination. I have represented the 
donor by B in A<B, but the group is more accurately written A<BC, where B is 
the atom directly attached to A, on which the strength of the link mainly depends, and C 
stands for any other atoms that may be linked to it, which must to some extent modify 
the strength of the link. The heat of formation of the A-B link can seldom be determined 
in complexes other than the complex halides, and may be discussed when we come to 
them. As a rule we can only discover the affinity of particular B’s for particular A’s in 
a qualitative way from the consideration of the number and stability of the complexes 
they form. 

Before we come to consider donor atoms in detail there is a preliminary point to be 
mentioned. Chelate groups, those which are linked through two atoms to the central 
atom and so form a ring, give complexes of exceptional stability. Thus, as Werner showed, 
ethylenediamine has a much greater power of co-ordination than ammonia, although 
it is a primary amine, and primary amines in general are much weaker donors than ammonia. 
Again, while phenol is a very weak donor—weaker probably than alcohol—catechol 
(o-dihydroxybenzene) is a very strong one, and has been shown to be capable of forming 
complex-anions with 27 different metals. Oxalic acid forms far more numerous and stabler 
complexes than the monocarboxylic acids such as acetic. The list might be continued 
indefinitely. So general a tendency must be capable of explanation. Now with one 
important class of chelate compounds, the derivatives of #-diketones, §-keto-esters, 
salicylic acid and the like, there is a special reason for the stability, since the formation 
of the ring-complex introduces new possibilities of resonance. But with such groups as 
ethylenediamine, catechol, and the oxalato-group, no new resonance possibilities are brought 
in, and some other explanation must be sought. 

The most probable is the very simple one that if one of the two co-ordinate links of a 
chelate group to the central atom is broken, the other will still keep it in place so that the 
broken link can be re-formed, whereas an atom or group which is attached only through 
a single link will drift away if that link is broken. 

Another general question is the influence of other atoms attached to the donor atom B; 
but this is better considered under the individual donor elements. The most important 
of these are nitrogen, oxygen, and the halogens, and next to these carbon and sulphur. 
We may take them in the order of their periodic groups. 

Carbon.—These include complexes formed with alkyls (such as Na[Zn(CH;),] and 
M[Al(CH,),4]) : with unsaturated and aromatic hydrocarbons: with isocyanides: with 
carbon monoxide: and perhaps we should add the complex cyanides. The number of 
elements which form complexes with carbon is limited, and the structures of the products 
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are sometimes obscure. This is particularly true of the addition compounds with ethylenic 
and aromatic hydrocarbons. Cuprous and argentous solutions absorb ethylene : palladous 
and platinous addition compounds with ethylene and its homologues can be isolated. In 
these compounds it is clear that the C=C group acts as a donor and can replace a CO; 
indeed the ethylene compounds and the carbonyls show great resemblances, though the 
carbonyls are much more stable and more numerous. 

The compounds with aromatic hydrocarbons are even more obscure; many of them 
are known only in the solid state, and may be crystal aggregates. We have, however, 
definite evidence from the electrical dipole moments that iodine and aluminium bromide 
can form co-ordinate links with benzene, and it is obvious that the aluminium at least 
must act as an acceptor. ; 

The carbonyls are a very peculiar group. There is no doubt that the (chief *) structure 


is the linear form A<CS-O, which may also be written i—c=d or A:Cio:, all 


of which mean the same thing; with several carbonyls, especially nickel carbonyl 
Ni(CO),, X-ray and electron diffraction have shown that it is the carbon that is attached 
to the central atom. A further and unexplained peculiarity is that in nearly all the 
carbonyl compounds, including those in which the CO is only one of several groups in a 
complex, the effective atomic number (E.A.N.) of the central atom adds up to that of an 
inert gas [as in Cr(CO).,, Fe(CO),;, Ni(CO),]. The elements which take up carbon monoxide 
are mostly in, and all at least near, Group VIII: they are practically all included in the 
list : 
Group VIA VIIA VIII IB IIB 
Cr Fe Co Ni Cu’ 


Mo Ru Rh Pd Ag? 
WwW Re GOs ir ‘Pt Av’ Hg? 


The complex cyanides are a large and important group of complexes formed by some 
30 central atoms (an element in 2 valencies being counted as 2); many of these compounds 
are of quite exceptional stability. Their structures offer two obvious possibilities, A—C=N 
and A—N=C. It is curious that the structure has been but little discussed and is still 


uncertain. The cyanide ion :CiN: can evidently co-ordinate at either end; both nitriles 


and isonitriles form complexes, and in silver cyanide AgCN the group is linked at both 
ends at once, for it has been shown (West, Z. Krist., 1935, 90, 555) that the crystal is made 
up of endless rectilinear chains —Ag—C—=N—Ag—C—=N—Ag—; so too in the Prussian- 
blue compounds the CN group is attached at both ends (Keggin and Miles, Nature, 1936, 137, 
577). The evidence for the positions in the complex cyanides is not clear. The problem 
is made more difficult by the fact that the carbon and the nitrogen atoms are so near in 
atomic number that only the most accurate X-ray measurements can distinguish between 
them. In a few cases where such measurements have been made the results indicate 
that the central atom is attached to carbon. This was proved for the argenticyanides 
M[Ag(CN),] (Hoard, Z. Krist., 1933, 84, 231) and the octacyanide of tetravalent molyb- 
denum (Hoard and Nordsieck, loc. cit.). Recent unpublished work by H. M. Powell has 
shown that the same is true in the ferrocyanides. This structure for the ferrocyanides is 
supported by other evidence. The products of their methylation, which have the com- 
positions [(CH,),Fe(CN),|X, and (CH,),Fe(CN),, all on heating split off the alkyl iso- 
cyanide and not the cyanide, so they must contain the grouping CH,-N-C-Fe, and the 
ferrocyanide itself presumably N-C-Fe. Again, divalent platinum forms complex cyanides 
M,[Pt(CN),] as well as addition compounds with both nitriles and isonitriles, and the 
cyanides resemble the isonitrile complexes in stability much more than they do the nitrile 
complexes. 

So far all the evidence seems to be in favour of the A-C-N structure. But if we com- 
pare the tendency of various acceptors to form complex cyanides with their power of co- 


* This qualification is necessary in view of the undoubted occurrence of resonance in the carbonyls; 
the formula selected shows the spatial positions of the atoms, and seems the best expression of the 
behaviour. 
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ordination in other complexes to carbon and to nitrogen respectively, the results point 
rather in the opposite direction. Carbon is certainly the donor in the addition compounds 
formed by unsaturated hydrocarbons (the carbonyls have such special peculiarities that 
they do not help us here), and these, as we have seen, are formed by a limited number of 
acceptor elements almost all from Groups VIII and IB. These elements do indeed form 
complex cyanides, but so do many others such as vanadium, molybdenum, tungsten, 
rhenium, and in Group VIII iron, cobalt, and nickel, none of which are known to co- 
ordinate with hydrocarbons. 

On the other hand, if we compare the complex cyanides with the ammines, we find 
that nearly all the strong cyanide builders (Cu', Ag!, Au’, Cuil, Feil, Coll!) Ni#, Irill) Pdi, 
Pt, Pt'”) are atoms which also have a strong tendency to form ammines, in spite of the 
fact that the ammines are cationic and the cyanides anionic; though even here there are 
marked exceptions: for instance, tetra- and penta-valent molybdenum and tungsten, 
which form some of the stablest known cyanides, form no ammines, and trivalent chromium, 
giving as full and stable a series of ammines as any other element, forms no complex 
cyanides whatever. Again, as we have seen, there is considerable similarity between the 
cyanides and the nitro-complexes, which must have the nitrogen acting as donor, since the 
isomeric unstable nitrito-complexes (with A—O—N =O) are also known. 

It is of course possible that some of the complex cyanides are linked through carbon 
and others through nitrogen, but if that is so it is curious that their properties do not show 
corresponding differences. On the whole it seems most probable that the cyanides have 
the carbon attached to the central atom, as the crystalline data and, so far as it extends, 
the direct chemical evidence indicate, and that the comparison of the cyanides with the 
carbon and nitrogen co-ordination compounds is misleading, because the presence of the 
triple link so greatly modifies the properties and affinities of the donor atom. 

Nitrogen.—The most important class of nitrogen complexes is that of the ammines. 
This is so large that I can only discuss a few of the points which it raises. 

Almost any halide other than an alkaline salt or a methane derivative will absorb 
ammonia at a low temperature, and the dissociation tension of the solid produced is often 
constant over a range of compositions. This does not prove that the composition at the 
end of the range is that of an ammine. The ammonia may react to give an ammonium 
salt, and until this has been detected and removed the composition of the mass is meaning- 
‘less. Further, unless the tension is markedly less than that of ammonia at the same 
temperature, the solid may be a crystal aggregate with ammonia as one component. 
These facts do not invalidate the evidence from the formation of solids with ammonia, 
but they show that it must be examined with care, as indeed it often though not always 
has been. 

The elements which have the greatest tendency to form ammines (Cu, Be, B, Vi, 
Crifi, Fell, Coiii, Nii, Rul, Ruff, Rh, [rif Pdi, Pdiv, Ptii, Ptiv) are almost confined to 
Group VIII and the cupric and chromic compounds; as usual, the N values of 14 (Fei, 
Coff, Rui, Rhif, Iril, Ptiv) and 16 (Ni, Pd, Pt!) are prominent. Two elements of a 
very different kind are included in the list, beryllium and boron. But their affinity for 
nitrogen is only part of their general tendency to complete their octets by co-ordination ; 
their ammines are very stable, but so also are their hydrates. For example, the tetrammine 
[Be(NH;,),]Cl, has a dissociation tension of only 6 mm. at 156°, but it is at once decom- 
posed by water. This may be contrasted with the highly selective action of the cupric 
ion: an N/200-solution of a cupric salt in 0-4N-ammonia has been shown (Immerwahr, 
Z. anorg. Chem., 1900, 24, 269) to have a concentration of cupric ions not greater than 
10-14; that is, though the solution contains 140 times as many water as ammonia mole- 
cules, only 1 in 5 x 10" of the cupric ions is hydrated. 

There is a remarkable point to be noticed here. Co-ordination of an ion often tends to 
stabilise a higher as compared with a lower valency. The cobaltic ion Co*** is so unstable 
that it decomposes water with liberation of oxygen; but in presence of ammonia, with 
which it forms a complex, it is so stable that it is produced from the cobaltous state by 
the action of atmospheric air. In many other cases, too, an unstable ion can be stabilised 
by conversion into a complex ; this happens with both the cuprous and the argentic ions. 
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The point to notice is that this protection or stabilisation is not conferred by water; the 
water can replace the ammonia, but we must suppose that (at least with these ions) the 
linkage is comparatively weak. 

The tendency to form ammines is usually much diminished when the hydrogen of the 
ammonia is replaced by hydrocarbon radicals. Apart from the very stable chelate com- 
pounds (formed, for example, by ethylenediamine, phenanthroline, and dipyridyl) the 
stability nearly always falls off in the order NH, > NH,R > NHR, > NR,; but pyridine 
behaves more like a primary than (what it is) a tertiary amine. This order of stabilities 
is well marked with the ammines of Cu‘, Co‘i, Coilf, and Nii, but it does not seem to be 
invariable; with the stannic complexes SnCl,,2NR, the effect, though in the same direction, 
is very slight, and with the ferric ammines it is actually in the reverse direction. 

Oxygen.—Divalent oxygen with two covalencies has two lone pairs of electrons, and is 
able to share one or both of them in co-ordinate links. The compounds in which both 
are shared, giving a covalency of 4, are rare; they include such complexes as the “‘ basic ” 
acetates of beryllium, zinc, and zirconyl [e.g., BesO(O*CO-CH,),], whose stability must 
be much increased by resonance; the tetrameric thallous alkoxides (TI-O-Alk), with their 
cubic structure; and certain giant molecules, such as beryllium oxide. 

In the great majority of its co-ordination compounds oxygen shares only one of its 
lone pairs with an acceptor, thus acquiring a covalency of 3. Complexes of this kind 
include the hydrates, especially of the ions, addition compounds with alcohols, ethers, 
ketones, and chelate derivatives of 6-diketones and §-keto-esters, as well as of catechol 
and substituted catechols. 

As judged by the tendency to form co-ordination compounds the affinity * for oxygen 
is much higher than for nitrogen in the majority of elements with non-transitional cores 
(N = 8 or 18), but there are some exceptions, especially in Groups IB and IIB, the affinity 
being small in Cui, Agi, Au! and in Cd, Hg, and in both subgroups falling off as the atomic 
weight rises. 

The general position of water is easily stated. The great majority of atoms or groups 
which co-ordinate with it are cations,-as is to be expected, since a positive charge makes 
an atom more ready to act as an acceptor. The hydration follows the normal rules of 
covalency formation, being more intense (and more extensive so far as the covalency 
limits permit) the greater the charge on the cation and the smaller its size. Hydration 
is slight with the heavier alkali metals, and with silver and mercury, the peculiar position 
of the last two elements being presumably due to their small affinity for oxygen. The 
hydration of anions is relatively rare, but not unknown; it occurs, for example, in the 
sulphate and oxalate i ions. With anions the water must be attached through its hydrogen, 
by means of a “ hydrogen bond ”’; the nature of this cannot be discussed here,t} but it is 
certainly not co-ordination in the ‘usual sense of the sharing of a second pair of electrons 
by the hydrogen, and it should not be represented in formule by an arrow. 

When we pass from water to its organic derivatives, the strength of the co-ordination 
diminishes, the order being water > alcohols > ethers, as with ammonia and the amines. 
The comparison between ether and either alcohols or water is complicated by the occurrence 
of reactions with the hydroxylic compounds; for this reason the very stable compounds 
of ether with, for example, the Grignard reagents can have no parallel with water or 
alcohol. On the other hand molecules with doubly linked oxygen, aldehydes and ketones 
(including quinones) co-ordinate more strongly than ethers; thus acetaldehyde will expel 
ether from the molecule (Et,0O),MgBr,. Tin is especially remarkable for the number 
and stability of the compounds of the type SnCl,,20—CR, that it forms. 

There are a large number of chelate complexes formed by co-ordination through two 
oxygen atoms. Unlike the chelate nitrogen complexes, which are nearly always formed 


* Affinity in this sense is large for oxygen as well.as for nitrogen with Be, Cri, Feti, and the platinum 
metals generally. 

It is greater for oxygen than for nitrogen with the alkaline earths; Ga, In, Tl; Ti, Zr, Th, Si, Ge, 
Sn; Vv, Viv, Nbr, Tay; Mov, Uv, Ulv; Feil, Coll, 

It is less for oxygen than for nitrogen with Cul, Agi, Au!, Cul; Cd, Hg; Vill, Colli, Nit, 

t See Pauling, “‘The Nature of the Chemical Bond,” 1939, Chap. IX. 
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by addition, and so are usually cationic, most of the oxygen rings are formed by the re- 
placement of hydroxylic hydrogen, and are neutral or anionic; fhis is natural, since 
hydrogen is much more easily replaced in water than in ammonia. These complexes 
comprise firstly neutral derivatives of the mono-enolic forms of 6-diketones and £-ketonic 
esters, such as acetylacetone, acetoacetic ester, and salicylic compounds, whose stability 
is increased by resonance; and secondly the anionic “ ato” complexes formed from 
dibasic oxy-acids and o-dihydroxybenzenes, such as the sulphato-complexes containing 


the group ACOsso. The last are formed by a variety of acids, sulphurous, sulphuric, 


thiosulphuric, phosphoric, etc., as well as the carboxylic acids carbonic, oxalic, malonic, 
and others. The known complexes are very numerous and often very stable; several 
of them have been resolved into optically active forms. 

Sulphur.—Formally sulphur resembles oxygen, having in the dicovalent state two 
unshared pairs of electrons, but the tendency of sulphur to form complexes with other 
_ elements by no means follows that of oxygen. Thus the attachment of monovalent 
copper, silver, and gold, and of mercury, is much stronger to sulphur than to oxygen, 
while that of beryllium, divalent copper, trivalent gold, and other elements is much 
stronger to oxygen. 

Of the double or complex sulphides many are of unknown structure, for example, 
M[CuS,] and (NH,),PtS,,,2H,O: while others, such as M,PS, and M,AsS,, are no doubt 
the sulphur analogues of familiar oxy-salts. 

Of the complexes in which sulphur definitely acts as a donor, the most important are 
those formed by hydrogen sulphide, mercaptans, and thioethers, and the chelate rings 
formed through a sulphur and an oxygen (as in the complex thiosulphates) or through 
two sulphur atoms. The e!ements which can co-ordinate as acceptors with the sulphur 
in these various molecules «re those given in Table IIT. 


TABLE III. 
Elements co-ordinating with Sulphur. 


Al 
Ti Ni Zn 


Sn Pdi Cd 
Ptii Hg 
Ptiv 
Nearly all of these will be seen to come from the three sub-groups VIII3, IB, and IIB, the 
N values being 18 (7), 16 (4), and 8 (3). It should be noticed that these few elements 
include practically all those which co-ordinate with unsaturated hydrocarbons (Pdi, Pt#, 
Cul, Ag!, Au', Hg). 

The known complexes of hydrogen sulphide and the mercaptans are few; far more are 
formed by the thioethers: the tendency of sulphur to act as a donor seems to increase 
in the order SH, < SHAlk < SAIk,, the exact opposite of what happens with nitrogen 
and oxygen. So few thioketone complexes are known that we cannot say whether they 
are more readily formed than those of the thioethers, as with oxygen. 

Complex Halides—The known types of complex halides are more numerous than those 
of any other kind of complex ions, and almost as many as all the rest put together. The 
fact that there are four halogens, and the absence of complications due to other atoms 
attached to the donors, make the relations in this group of complexes especially illuminat- 
ing. Further, the heats of formation of the A-halogen links are known for many elements, 
and their influence on the complex formation can be studied. 

Complex halides have been described with every number of halogen atoms in the 
molecule from 2 to 8.* But the evidence for the existence of the great majority of them 
is the analysis of the solid phase; only some of these 7 types—probably only the di-, 


* Here, as elsewhere, complexes with 2 or more central atoms in the molecule are not dealt with, as 
their constitutions are nearly always too uncertain. 
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tetra-, hexa-, and a few of the hepta-halides—have had their crystal structures deter- 
mined in any examples, and it is only when this evidence has been obtained that we can 
be sure we are dealing with a single salt and not with a crystal aggregate. The fact that 
the alkaline halides are not hydrolysed in water, and the adaptability of the monatomic 
halide anions to various crystalline structures, make it exceptionally likely that such 
crystal aggregates will be formed. That this is not an imaginary danger has been shown 
in several instances. Thus X-ray analysis has proved that a salt of the composition 
K,CuCl,,2H,O is really a closely packed aggregate of (planar) molecules of CuCl,,2H,0, 
chloride ions, and potassium ions (Hendricks and Dickinson, J. Amer. Chem. Soc., 1927, 
49, 2149; Chrobak, Z. Krist., 1934, 88, 35. See L. Pauling, op. cit., p. 101); that the 
salt Cs,CoCl, is an aggregate of Cs cations with CoCl, and Cl anions (Powell and Wells, 
J., 1935, 359), and that a salt which has the composition CsAuCl,, and thus appears 
to contain divalent gold, should really be written Cs,Au'AutiC],, and that the solid is made 
up of Cs cations and two kinds of anions, linear Au'Cl, and planar AutiCl, (Elliott and 
Pauling, ]. Amer. Chem. Soc., 1938, 60, 1846). 

It is therefore evident that the structures of individual complex halides must be accepted 
with reserve except where they are supported by crystal analysis. But as a rule, when 
a double halide is assumed to be complex, there is good evidence (for example, from the 
solubilities) that it contains complex ions, though they may not correspond to the com- 
position of the solid. We can therefore safely draw conclusions from the experimental 
data as to the relation of the stabilities to the nature of the components. 

There is little to be said as to the effect of the central atom on the stability; complex 
halides are formed by almost all elements that have any power of acting as acceptors. 
But the influence of the halogen is marked. 

The stability is clearly dependent on the heat of formation of the A-halogen link in 
the complex. This cannot be measured for the complex salt, but its value in the simple 
halide A(hal), from which the complex is derived, is often known.* Where they have 
been determined, the heats of formation are always in the order 


A-F > A-Cl > A-Br > A-I. 


If we exclude the F-F link, whose abnormal weakness can be explained on theoretical 
grounds, there is no known exception to this order. It is true that most of the A atoms 
for which the heats have been measured are electro-negative, but such metals as silver, 
beryllium, mercury, and tin are included, so that we may assume the rule to be general. 
In the observed cases (which include some 20 kinds of A atoms) the mean relative values 
are : 

A-F A-Cl A-Br A-I 

1-47 1 0-84 0-69 


For our purposes the important value is that of the link in the complex, where the covalency 
is always greater than in the simple halide. But there is evidence that the value does not 
change much with the number of links; this is shown in the following examples : 


P-Cl Sb-Cl I-Cl Al-Cl 
in PCI, 62-8 in SbCl, 68-0 in IC1 51-0 in AICI, 91-6 
in PCl, 53-4 in SbCl, 55-6 in ICI, 42-0 in Al,Cl, 73-7 
Ratio 1 to 0-85 0-82 0-82 0-80 
As the change with increase of covalency is presumably in the same direction whatever 
the halogen, we may take it that in the complex halides also the heats of linkage to the 
same central atom retain the order A-F > A-Cl > A-Br > A-I. 
Now whenever the relative stability of the different complex halides of a given central 
atom can be compared, it is found that the order for the last three halogens is invariably + 
Cl > Br > I, which agrees with the heat values. But the fluoride is sometimes more and 


* The heat values given here and later are the heats of formation of the link in the gaseous halide 
from its atoms. They are taken partly from Pauling’s ‘‘ The Nature of the Chemical Bond,” p. 53, 
and partly from the data in Bichowsky and Rossini’s ‘‘ Thermochemistry,’’ 1936. 

¢ It is possible that the reverse order holds with the complex halides of mercury. 
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sometimes less stable than the chloride. Where it is more stable, this is again in agree- 
ment with the heats of linkage. Where it is less stable, some other cause must be operative. 
Possible causes are (1) that the simple fluoride does not exist, (2) that it is very sparingly 
soluble, (3) that it is highly hydrolysed by water. The data show that there are some 22 
central atoms whose complex fluorides are more stable than the chlorides, and 34 where 
the fluoride is either unknown or less stable than the chloride. The following table shows 
the number in each division which come under the headings (1), (2), and (3) respectively ; 
the “‘ normal ”’ are those to which none of these headings apply. 


TABLE IV. 


Binary fluoride. 1. Non-exist. 2. Insol. 3. Hydrol. Normal. 
Stability of F > Cl (22) 2 : 1 2 17 
complex F < Cl (34) 17 4 9 4 


These results make it clear that the normal position is that the complex fluoride is the 
more stable, and that the factors (1), (2), and (3) discourage the formation of complexes 
but do not necessarily prevent it. 

This concludes my summary of the conditions and results of complex formation; I 
hope it may be of use as indicating some of the lines along which a more detailed study of 
complexes is needed. 
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OBITUARY NOTICES. 


GEORGE WARD HEDLEY. 
1871-1941. 


GEORGE WARD HEDLEY, from 1894 until his retirement in 1931 an assistant master at 
Cheltenham College, died suddenly at his home in Cheltenham on March 13th, 1941. 
Hedley was born at Langho, Lancashire, in 1871 and was educated at Manchester Grammar 
School. He became an Exhibitioner of Merton College, Oxford, in 1890, and took first 
class honours in chemistry in 1894. After a short period of research with J. E. Marsh, 
Hedley joined the staff of Cheltenham College and soon became Head of the Science 
Department on the Military Side, and in that capacity taught almost all the boys who 
passed from Cheltenham into the Army during his long career. 

His chief interest throughout his life was in the method rather than the content 
of science teaching: he was strongly convinced of the value of a limited amount of work 
done in the right way, and of the importance of good English teaching as the basis of 
general clarity of thought. He was completely opposed to any policy of cramming for 
examinations, although he served, himself, on almost all the Certificate Examining Boards 
inthe country. He was one of three representatives of the Public Schools on the Executive 
Committee of the Government’s enquiry into the position of science in education after 
the last war, and he was a member of the Board of Education’s panel on the standardis- 
ation of Certificate Examinations. He was an active member of the Association of Public 
School Science Masters and of the Science Masters’ Association; he became a Fellow of 
the Chemical Society in 1900. Wilson and Hedley’s “‘ Elementary Chemistry” was 
published in 1905, “‘ School Chemistry ” in 1911, and “‘ School Chemistry for India ”’ in 
1921. One cannot leave any account of Hedley’s work without paying a tribute to his 
keen interest in everything he did, his tremendous energy, and his intense belief in the 
value of science teaching. The simplest lessons, the choice of laboratory materials, his 
everyday affairs, became pieces of experimental investigation with Hedley, and hundreds 
of boys acquired something of his spirit. 

He had always been a keen botanist, and after his retirement became largely respon- 
sible for the editing of the forthcoming ‘‘ Flora of Gloucestershire’. He married Miss 
Winifred Cockshott, the daughter of Arthur Cockshott of Eton College, and he is survived 
by her and by a son and three daughters. H. R. STEVENS. 





SIR JOCELYN FIELD THORPE. 
1872—1940. 


By the death, on June 10th, 1940, of Sir Jocelyn Thorpe the profession of Chemistry 
loses one of its outstanding figures and the Chemical Society a devoted supporter who 
served it as Treasurer, Vice-President and President, and a large circle of friends will 
miss a remarkably kind, genial, and hospitable personality. 

Jocelyn Field Thorpe was born on December Ist, 1872, and was the sixth son of the 
late William George Thorpe, F.S.A., a barrister-at-law of the Middle Temple. Thorpe’s 
father had been educated at Cambridge in the classical tradition; but he was a man of 
liberal outlook and ready to encourage his son in the independent choice of a career. 

After receiving his earliest education at a preparatory school near his home in Clap- 
ham, Thorpe went at the age of ten to Worthing College. He showed considerable aptitude 
for games in spite of having one leg shorter than the other, the result of infantile paralysis 
in his childhood, and was particularly good at cricket. He specialised in wicket keeping 
and retained his love of the game to the end. His holidays were spent on his father’s 
estate in Devonshire, where he learnt to shoot and fish with his brothers. 

After leaving school in 1888, he returned to London to study Engineering at King’s 
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College. He derived much benefit in later life from this early training, particularly from 
the practical work in the machine shops of Alexander Wilson’s works at Vauxhall, where 
he worked during the Long Vacation. However, Engineering was not his true vocation 
and at the end of two years he abandoned it for Chemistry. The change was made on 
the advice of his namesake, Sir Edward Thorpe, whom Thorpe’s father consulted; this 
was a bold step at a time when the profession of Chemistry still lacked, in this country, 
the recognition it was to win in later years. 

Thorpe entered the Royal College of Science at South Kensington in 1890 and took 
the first year’s course in elementary Chemistry and Physics, and in the following year 
advanced Chemistry, mainly Organic. In 1892, following Sir Edward Thorpe’s advice, 
he went to Heidelberg, where, at that time, the faculty of Science was second to none. 
Bunsen was still there, although he had retired; other famous men were Victor Meyer, 
Auwers, Jannasch, Gattermann, Briihl, Horstmann, Krafft and Knoevenagel, the physicist 
Quincke, and the equally celebrated mineralogist Rosenbusch. The number of English 
students at Heidelberg was considerable; amongst Thorpe’s contemporaries were J. F. 
Bottomley, G. C. (now Sir Christopher) Clayton, J. C. Cain, J. N. Goldsmith, J. T. Hewitt, 
J. McRae, B. (now Sir Bernard) Pares, T. S. Patterson, and J. H. Wigner. There was a 
fair-sized English colony and Thorpe was welcome in many houses; he took part in 
theatricals and played cricket and lawn tennis. With so many distractions Thorpe did 
not work particularly hard until shortly before the examinations; then he would retire 
to- the Black Forest, and come back to give a good account of himself. He took his 
degree in 1895; his Doctor’s thesis, carried out under Auwers’s guidance, dealt with the 
ax’-dimethylglutaric acids and was an excellent piece of work. Thorpe returned to Heidel- 
berg for the summer of 1897, but devoted his whole time to the study of dyes and dyeing 
at the Badische Works at Ludwigshafen. . 

On obtaining his degree at Heidelberg, Thorpe returned to England and joined the 
great research school at Manchester University, where W. H. Perkin, jun., was then at 
the height of his fame. Here Thorpe found his true vocation; he worked hard and his 
enthusiasm was amply rewarded by results. He soon took the degree of D.Sc. and was 
appointed Lecturer in Organic Chemistry with special charge of a course, both theoretical 
and practical, on dyes and dyeing, which was particularly successful. The practical 
work was conducted in Thorpe’s private laboratory, at that time a shed in the back 
quadrangle, a part of which he had fitted up for research; he generally had one research 
student working there. However, he kept in constant touch with Perkin in the main 
building and thus arose a productive collaboration extending over many years. Those 
who remember this period speak of Thorpe’s excellence as a teacher, but especially of his 
great skill as a manipulator and of the delight he took in practical work. Although the 
work of Perkin’s school was mainly concerned with the structure of natural products, 
Thorpe’s own approach to these problems was almost entirely from the synthetic side and 
he took comparatively little interest in their analytical aspect. A fitting recognition of 
Thorpe’s distinguished work at Manchester came with his election to the Royal Society 
in 1908. 

During the early part of his stay in Manchester Thorpe shared rooms with the late 
Dr. J. C. Cain, and it was then that the project of their classical work on synthetic dyes 
first took shape. 

In 1909 Thorpe was appointed Sorby Research Fellow of the Royal Society and moved 
to Sheffield, where he spent a fruitful period of his career. He had a pleasant and well- 
equipped laboratory and no teaching duties and could devote the whole of his time to 
research with the aid of an assistant. He did much of the practical work himself, keeping 
his assistant very busy carrying out analyses and preparing large amounts of starting 
materials, although he always discussed his plans and published his work in collaboration 
with the assistant. He liked working on a generous scale when tackling a synthetic 
problem, although his mastery of technique often enabled him to take a short cut to the 
required product. He worked hard, allowing himself, perhaps, a round of golf on Sunday 
by way of relaxation. 


In 1913 came Thorpe’s great opportunity : he applied fot the Chair of Organic Chemistry 
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at the Imperial College of Science and Technology in London and began his duties there 
early in 1914. He brought to his new task a contagious enthusiasm and this, combined 
with his great gifts as a lecturer, had an immediate vitalising effect on his Department. 
He attracted an eager band of pupils anxious to do research; but his first step was to 
try and improve the somewhat inadequate facilities then available, and this was in part 
achieved by the end of the summer. 

The writer has vivid recollections of Thorpe during this period: he was full of ideas, 
which were always stimulating and greatly added to the interest of his lectures; in the 
laboratory he worked with gusto and delighted in such operations as the preparation of 
“molecular ’’ sodium; he would often try a reaction on a small scale, always working in 
test-tubes (he even contrived to carry out extractions with ether in test-tubes) and leaving 
his students to repeat it on a larger scale if it turned out promising; he was seldom with- 
out a cigarette—sometimes a cigar—and generally in shirt sleeves and had a habit of 
propping up test-tubes in drawers or against gas taps. A characteristic attitude of 
Thorpe in the laboratory is portrayed in the accompanying photograph. 

All plans of expansion were brought to an end by the outbreak of the World War. 
Thorpe immediately set about making the best possible use of the facilities and men 
available at South Kensington and started the manufacture of drugs—principally phen- 
acetin, novocaine, and $-eucaine—which had until then been imported from abroad. 
War work, such as the investigation of war gases, explosives, etc., claimed more and 
more of his time. He became a member of the Trench Warfare Committee and carried 

out much experimental work, a good deal of it in collaboration with Dr. M. A. Whiteley, 
_ who was a member of his staff. 

Teaching still went on; and in 1919 Thorpe was at last able to realise his ambition 
of founding a great research school. There was a large influx of research students in the 
years immediately following and a constant expansion of research accommodation ; where 
two assistants had worked in 1914, some thirty research students and junior members of 
staff were housed by 1921. The number of members of staff was increased, notably by 
the creation of a post connected with the newly-founded Whiffen Laboratory. This 
laboratory had been built and equipped by the late William Whiffen and contained a 
representative selection of large and semi-large scale apparatus, where students could be 
taught the practical uses of plant; the first lecturer was C. K. Ingold, later followed by 
E.H. Farmer. Thorpe also had a private assistant, supported by a grant from the Depart- 
ment of Scientific and Industrial Research; the assistant’s duties were, however, nominal 
and allowed him to devote his whole time to research. 

By this time Thorpe had so much to do that he was no longer able to carry out experi- 
mental work himself, a circumstance he often regretted; but he was always ready to 
listen to anyone in difficulties and to give them advice; a favourite piece of advice was 
“try the unlikely ” and he was never stereotyped in his suggestions. Characteristically, 
too, he seldom had his name included in the publications of his staff, although he took a 
great interest in them. 

After 1919 Thorpe took an increasing share of public duties, as was inevitable for 
one of his ability and shrewd judgment. The first task of importance which fell to him 
was to preside over the Indian Chemical Services Committee; he spent some months in 
India in 1919 and did more than his share of the work of the Committee, being largely 
responsible for the report, which, however, hardly found the recognition it deserved ; 
he himself regarded the time spent in India largely as wasted, except in so far as it served 
to bring him in contact with chemists there. He had a succession of Indian students 
from 1919 onwards as the result of his visit. 

Thorpe remained a member of the Chemical Defence Committee until it was recon- 
stituted in 1939, and received the C.B.E. in 1917. He gave much of his time and thought 
to the Advisory Council of the Department of Scientific and Industrial Research, on 
which he served from its formation in 1916 until 1922. He became scientific adviser to 
the Anglo-Persian (now Anglo-Iranian) Oil Co. and undertook a trip to Persia in 1929. 
He was also a member of the Advisory Board of the Dyestuffs Group of Imperial Chemical 
Industries from 1929 until his death, and of the Safety in Mines Research Board (1924— 
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1935), Chairman of the Explosives in Mines Committee, Department of Mines, a member 
of the Dyestuffs Development Committee of the Board of Trade (1925—1934), and served 
on the Royal Society’s Council (1923—1925). He was president of the Institute of 
Chemistry from 1933 to 1936. 

Thorpe’s services to the Chemical Society, which he joined in 1893, deserve more 
than passing comment. From his arrival in London he took a prominent part in the 
work of the Society. He served on the Council from 1915 to 1918 and became a Vice- 
President in 1921; in the following year M. O. (now Sir Martin) Forster relinquished the 
post of Treasurer and Thorpe succeeded him, remaining in that capacity until he was 
elected President in 1928. During that time the Society was passing through a par- 
ticularly difficult period: the receipts were barely sufficient to cover the cost of the 
Society’s publications and Thorpe set himself the Herculean task of tapping fresh 
sources of income. He founded the Publications Fund with this end in view, having 
always maintained that the Society’s primary function is the publication of new know- 
ledge. He very early conceived the idea of co-ordinating the various chemical bodies 
in the country and so preventing the inevitable overlap of their functions and consequent 
waste. He took an active part in the Association of Scientific and Technical Societies, 
which had similar aims. After years of patient work the Scheme of Co-operation was 
ripe, only to be shelved owing to the financial depression of 1931. It was owing to his 
connection with this scheme that he was asked to serve as President for an additional 
year (1930—1931); it is satisfactory to note that, although the original scheme did not 
materialise, a variant of it is now in operation. He became the first Treasurer of the 
Chemical Council. During his Presidency Thorpe commissioned Herbert Budd to paint 
the fine portrait of the first President, Thomas Graham, which now hangs in the Society’s 
rooms, and headed the subscription for it. 

The Chemical Society honoured Thorpe by the presentation of the Longstaff medal 
in 1921 and the Royal Society presented him with the Davy medal in the following year ; 
he received a Knighthood in 1939 for his valuable public services. 

On his retirement from the Imperial College in 1938 Thorpe devoted ‘himself to the 
task of editing, in collaboration with Dr. M. A. Whiteley, the ‘‘ Dictionary of Chemistry ”’ 
started by Sir Edward Thorpe. 

Thorpe married in 1902 Lilian, the daughter of the late William Briggs, J.P., of Hale, 
Cheshire, who survives him. Lady Thorpe took a full share in her husband’s career; she 
accompanied him on his trips abroad, helped him to entertain and so maintain his many 
contacts, and nursed him with devotion and firmness when his health began to give way. 
Many will remember the Thorpes’ kindly hospitality at their house in Chelsea, amongst 
the fine collection of English porcelain of which Thorpe was a great connoisseur; Thorpe 
himself was a charming host and a discerning judge of wine and cigars. 

Although he was always a good lecturer, it is said that he was not a particularly good 
public speaker until well on in his career. In the last 15 years he was certainly first-rate, 
spontaneous, interesting, and with a pleasantly light touch. 

It is something of a paradox, in one so kindly and genial as Thorpe, that he was reticent 
and never talked about himself. His kindness was probably his outstanding feature ; 
he always believed the best of everyone and this was, indeed, occasionally a source of 
embarrassment to his staff in their efforts to maintain discipline. He was cheerful and 
good-tempered, with a liking for the good things of life, and a lively sense of humour. 
He enjoyed telling a story against himself, emphasising the point with that characteristic 
“h’m? ”—half-grunt and half-chuckle—that his friends knew so well. 

Distinguished as were Thorpe’s scientific achievements and great as were his services 
both to Chemistry and to the Chemical Society, it is perhaps his kindliness and humanity 
that will remain longest in the memory of those who knew him. 

G. A. R. Kon. 
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The Scientific Work of Jocelyn Field Thorpe. 


THORPE’s chemical researches were carried out during the forty-year period from 1894 
to 1934 in the Universities of Heidelberg, Manchester, Sheffield, and London. During this 
period he wrote 120 original memoirs, in addition to minor material. With two exceptions, 
his papers were published in the Journal of the Chemical Society. 

His scientific life falls naturally into four periods. During roughly the first decade he 
was learning his chosen subject and acquiring “ the tools of his trade,” partly from K. 
Auwers and W. H. Perkin, jun., but mainly by prolonged and arduous work in the laboratory. 
In this way he acquired the mysterious “ feeling’ for compounds and reactions which 
characterises the more gifted organic chemists. Then he entered upon a great period of 
research from 1904 until 1914. There followed the Four Years’ War, during which other 
duties stopped his academic work. With the end of the war Thorpe devoted himself to 
making the Imperial College a centre of research for organic chemistry. Students came 
to South Kensington from all over the world, and there ensued the second “ flowering 
period ” in Thorpe’s life, which culminated in the vast activity of the years 1922 and 1923. 
Thereafter the call of administrative duties and his work for the Government, the Chemical 
Society, and the profession of Chemistry in general took up more and more of his time. 
He reconciled himself to exercising a general benevolent supervision over the research 
work of his department, although he remained actively interested in some of his favourite 
subjects until his retirement. 

When Thorpe entered upon his career, organic chemistry was in the full tide of its 
extraordinary expansion in Germany, England, and France. It was, perhaps, inevitable 
for one of his character and abilities to become attracted to this branch of chemistry, 
and to it he remained faithful throughout his long career. At times he used the tools of 
physics to obtain results which interested him, but on the whole his attitude towards 
physical chemistry was one of genial tolerance. It is more remarkable that, with a few 
exceptions, his own experimental work had little direct contact with biology. This is 
probably due to the fact. that, when once he had embarked upon his life work, he was 
caught up in a maelstrom of activity which took up his full attention and completely 
satisfied his scientific instincts. 

Thorpe’s activities in organic chemistry were many-sided. At the outset of his career, 
his powerful and receptive mind was influenced by the varied activities of Perkin’s labor- 
atories at Manchester. In later life we find him picking up and developing lines of work 
suggested by his early experiences. Certain themes indeed run throughout his whole 
work : his interest in polybasic acids, dating back to his Heidelberg days, in tautomerism, 
arising from his first researches on cyanoacetic ester, and, perhaps above all, in the com- 
plexities of alicyclic rings, are three examples. The review which follows is not strictly 
historical, but illustrates the development of the various main themes. ‘ 


1. Synthesis and Properties of Saturated Polybasic Acids. 


The problem assigned by Auwers to Thorpe for his doctorate research was the study 
of the trimethylsuccinic and dimethylglutaric acids. Zelinsky had reported the existence 
of two isomeric inactive trimethylsuccinic acids, whereas only one is required by stereo- 
chemicaltheory. Thorpe was able to show that Zelinsky’s second acid was in fact a mixture 
of the two stereoisomeric ««’-dimethylglutaric acids (m. p. 140° and 127°). Moreover, 
the substance previously described as ««’-dimethylglutaric acid (m. p. 101°) was also a 
mixture of these two stereoisomerides. Zelinsky’s acid had come from the hydrolysis of 
the condensation product of «-bromozsobutyric ester and sodio-«-cyanopropionic ester. 
The abnormal formation of the glutaric derivative was due to an elimination of hydrogen 
bromide, followed by an addition of the sodio-ester to the double bond so formed. 

A similar condensation engaged Thorpe’s attention after his arrival at Manchester. 
In his first paper with W. H. Perkin, he showed that «-bromoisovaleric ester condensed 
normally with sodiomethylmalonic ester in boiling xylene. Hydrolysis of the product 
yielded cis- and trans-methylisopropylsuccinic acids. The same acids were obtained when 
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a-bromotsovaleric ester was condensed with sodiomalonic ester, and the product methylated 
and hydrolysed (Bentley, Perkin, and Thorpe, J., 1896, 69, 270). During these researches 
Thorpe became familiar with the technique of the Conrad-Guthzeit method and with 
the preparation of anhydrides from dibasic acids. These were later to affect his method 
of attack on the problems of glutaconic acid chemistry. 

Thorpe became interested in the differences between the sodium derivatives of cyano- 
acetic and malonic esters. In 1900, he published a group of three papers (one with Young, 
one with Howles and Udall) on this point and on the use of cyanoacetic ester in synthesis. 
He observed that sodiocyanoacetic ester is considerably more stable than sodiomalonic 
ester and that its aqueous solution does not develop an alkaline reaction but, on evaporation, 
yields sodium cyanoacetate. He suggested that the reaction proceeded : 


et OH yo 
CN-CH,*CO,Et —>» CN-CH: —>- CN-CH COR! — CNCHyCC 
Na Na Na 


This was correlated with the formation of large quantities of acid esters during the addition 
of sodiocyanoacetic ester to unsaturated esters in alcohol, which was attributed to the 
process : 


COEt-CH:CR, + CH(CN):C<QEt —» CO,Et-CHyCR,-C(CN):C<P Et 


Na 
| x.0 
H 


O 
WA 
CO,Et-CH,°CR,*CH(CN): <— CO,Et-CH,°CR,°CH(CN)-C—OEt 
2 2°CR, ~\ ONa 2 2°CR, NON 


In the course of his paper with Howles and Udall (J., 1900, 77, 942) Thorpe describes 
an important discovery, the value of which was not realised at the time. A quantity of 
ethyl a-methylacrylate was prepared from ethyl «-bromoisobutyrate and diethylaniline. 
Thorpe says of the product, “‘ The clear mobile liquid passing over between 117° and 120° 
consists of pure ethyl «-methylacrylate; it must at once be used, however, since on stand- 
ing it slowly polymerises to a white, transparent substance resembling gelatine.” It 
was not until more than thirty years later that this ‘‘ white, transparent ’’ polymeride of 
methacrylic ester was recognised as a valuable substitute for glass (“‘ Leukon, Diakon ’’). 

The separation of the “ cis” and the “‘ trans ’”’-forms of these substituted glutaric acids 
was an important practical problem and Thorpe introduced a new method for this purpose 
in 1903 (J., 83, 351). 

Thorpe made two important general contributions to the methods available for the 
preparation of dibasic acids. One for the preparation of 8-substituted glutaric acids will 
be more suitably considered later. The other was described in a paper with Miss Higson 
(J., 1906, 89, 1455). It was observed that sodiocyanoacetic ester readily condensed with 
the cyanohydrins of aldehydes and ketones; hydrolysis of the product yielded the cor- 
responding succinic acid : 


R,C-OH | CHNa:CO,Et R,C——€Na:CO, Et R,C—CH,°CO,H 
CN as CN N CN CO,H 
(I.) 
Moreover, the condensation product (I) could be alkylated and in this way a large range 
of substituted succinic acids became available. The yields by this process are very good 
(65—95%), and the method has passed into general use for preparative purposes. 


2. Investigations relating to Camphor and other Terpenes. 


When Thorpe joined Perkin at Manchester, the problem of the structure of camphor 
was attracting the attention of organic chemists all over the world and was still far from 
solution. It was as if in this small enigmatic molecule Nature had thrown down a challenge 
to chemists. The structure of camphor seems to have had at that time a symbolic signi- 
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ficance which transcended even the value of the actual scientific truth. At all events, 
there was a tremendous concentration of chemical talent on this single problem. 

Perkin used entirely the synthetic approach, of which he was rapidly becoming a master. 
In 1896, some early experiments were directed, with Thorpe’s assistance, towards the 
synthesis of camphoric acid. In the following year (J., 1897, 71, 1169) Perkin and Thorpe 
announced the synthesis of inactive camphoronic acid. For a proper appreciation of this 
feat it will be convenient to review briefly some aspects of the state of camphor chemistry 
at the time. 

Camphor was known to be a monoketone, C,,H,,0. It was saturated and therefore 
dicyclic. Its oxidation with nitric acid was known to yield successively camphoric, 
camphanic, and camphoronic acid : 


CypH 0 —> CoH 1,0, —> CypH,,0; —> CyH,,0, 
Camphoric Camphanic Camphoronic 
acid acid acid 


Bredt had shown that camphoronic acid was a tribasic acid and yielded trimethylsuccinic 
acid and isobutyric acid on destructive distillation. This led him to propose, in 1893, the 
following (now accepted) formule : 


Me Me 


~ ~~ 
we | CO,H a | CO,H 
CMe, Me, 

H, CO,H HO,C lL 
Camphor Camphoric acid Camphoronic acid 


Tiemann (1895), however, rejected these and proposed alternatives, including the formula 
CO,H-CHMe-CMe,°CH(CO,H), for camphoronic acid. This found little favour because 
of the fact that the acid can be distilled in a vacuum without decarboxylation. Neverthe- 
less there was little positive evidence in favour of Bredt’s formulz, and it was to confirm 
this that the Perkin-Thorpe synthesis was undertaken. This classical series of reactions 
is so well known as to require no comment here. It is given in outline below : 


Me,CBr , CO-CH, Me,C——CO , CH,Br Reformatsty Me,¢———C(OH)-CH, 
foes + Me Co,Et °* CO,Et Me’ CO,Et rain”  CO,Et Me  CO,Et 


fra, 
Me,C——¢(CN) CH, 4, Me,¢ (8 samt) < — Meae__ Far ¢ 


CO,Et Me  CO,Et CO,Et Me CO,Et CO,Et Me CO,Et 
(II.) 
HCl 


Me, Me— CH, Me,¢——_(-¢ 
fae CO,H CO,H CO,H Me CO, 
Camphoronic acid 

The principal difficulty in the process lay in the tendency of the chloro-ester (II) to give 

trimethylglutaconic ester (III) on treatment with alkali cyanide, so that the final hydrolysis 

product contained far more of the unsaturated acid (IV) than of the desired camphoronic 

acid. However, the latter was isolated by means of its sparingly soluble barium salt. It 

was identical with the inactive acid which Aschan had made two years previously by mixing 

equal parts of d- and /-camphoronic acids, prepared from natural sources. 

Occasion was taken to examine the trimethylglutaconic acid (IV), which was formed in 
large amounts as a by-product—an accidental circumstance which probably had a con- 
siderable effect on Thorpe’s subsequent researches. The high resistance of the acid to 
bromine, permanganate, and reducing agents was noted. The corresponding #so- or cis- 
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acid gave an anhydride with remarkable ease, even when the acid was dissolved i in hot 
water and the solution allowed to cool. 

Two years later Perkin and Thorpe synthesised the caronic acids (J., 1899, 75, 48), 
which Baeyer and Ipatieff had prepared by oxidising carone with permanganate at 100°. 


e€ _ 9H 
g ey _— cont / 


Caronic acid, 
cis- and trans-forms. 
The synthesis was as follows : 


CH,-CO,Et and th 
Me,C:CH-CO,Et + CHNa(CN)-CO,Et —> MeyCCCHTCNSCO,Et half ester 


CH,-CO,H 


\ CHBr-CO,Et andthe _asbydride 
me ° - &C<cH, ‘CO,Et half ester re MesC<EH 


(v1.) CH,*CO v) 


a-Bromo-$$-dimethylglutaric ester (V) on treatment with hot alcoholic potash yielded 
caronic acid (mainly trans-) and the lactonic acid (VI). The half ester of the bromo-acid 
yielded trans-caronic acid alone. 

In the same year Perkin and Thorpe were successful in synthesising «$$-trimethyl- 
glutaric acid and in proving its identity with the acid obtained by the complete reduction 
of Balbiano’s acid, C,H,,0;. The latter had been obtained by the oxidation of camphoric 
acid with permanganate. It was to claim Thorpe’s attention again in later years. 

Encouraged by these successes, Perkin and Thorpe attempted the much more difficult 
task of synthesising camphoric acid. In 1903 (P., 19, 61) they gave the preliminary, and 
in 1904 the complete account (J., 85, 128) of their investigations. In the interval between 
the appearance of these reports Komppa sent the first description of his brilliant synthesis 
of camphoric and dehydrocamphoric acids to the Berichte (1903, 36, 4332). 

Perkin and Thorpe proceeded as follows : 


CH,:CH-CO,Et + CHNa(CN)-CO,Et —> CO,Et-CNa(CN)-CH,°CH,°CO,Et 
{+ Me,CBr-CO,Et 


(vil) CO,H-CH-CH,°CH,°CO,H nydroiysis CO,Et*C(CN)*CH,°CH,°CO,Et 
CMe,°CO,H — CMe,°CO,Et 


The sodium salt of the acid (VII) was heated with acetic anhydride to yield the keto-acid 
(VIII). The corresponding ester on treatment with methylmagnesium iodide gave a- 
campholactone (IX), isomeric with the campholactone (X) which had already been obtained 
from natural sources. 

Treatment of the lactone (IX) with hydrogen bromide gave the bromo-acid (XI), which 
on successive treatment with sodium carbonate and dilute sulphuric acid gave (inactive) 
a-campholytic acid (XII) and isolauronolic acid (XIII), the latter being identical with 
that prepared from “ natural ”’ camphoric acid. 

Perkin and Thorpe also attempted the conversion of the bromo-acid (XI) into camphoric 
acid (XIV) by treatment with potassium cyanide, followed by hydrolysis. Again it was 
found that this method of introducing the carboxyl group was largely spoilt by the form- 
ation of a great deal of unsaturated material (in this case «-campholytic acid). Neverthe- 
less.they were able to isolate a small quantity of a crystalline substance having properties 
identical with those of inactive camphoric acid. The amount obtained was, however, 
insufficient for the comparatively exacting analyses of those times. With characteristic 
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generosity they conclude, ‘‘ The method of formation . . . and the properties leave 
scarcely room for doubt that it was i-camphoric acid. . . . In the meantime Komppa 
has published his brilliant synthesis of camphoric acid, which, once for all, establishes the 
correctness of Bredt’s formula, and it is therefore quite unnecessary to investigate our 
much less satisfactory process any further.” 


JP 
HC | 


(VII) —> | CMe, 
H,C 


CH:CO,H CH-CO,H \Gco,H 
(XI.) (XII.) (XIII) 


Nevertheless a few years later a sample of inactive camphoric acid, sent by Noyes, 
crossed the Atlantic, and Perkin and Thorpe were unable to resist the temptation of finding 
out whether their synthesis had been successful. The work was repeated and the product 
was fully identified with Noyes’ material. There can therefore be no doubt that Perkin 
and Thorpe had achieved an independent synthesis of camphoric acid almost simultaneously 
with that of Komppa. 

In 1909, Komppa published the full details of his work and a doubt arose as to its 
validity. The basis of the Komppa synthesis lay in the methylation of (XV) to (XVI), 
which was then reduced to camphoric acid : 


H-CO,Me y Me-CO,Me 
O 
> ve Me, (XVI) 
H-CO,Me H-CO,Me 


In a joint paper with Blanc, then at the Sorbonne, which was published simultaneously 
in England (J., 1910, 97, 836) and in France, Komppa’s synthesis was questioned on the 
ground that methylation of (XV) had yielded an O-methyl derivative. It was shown that 
treatment of the product with alkali led to elimination of the methyl group. Komppa, 
however, held his ground. He maintained that, whatever occurred during hydrolysis, 
the methyl group remained intact during the reduction and that the synthetic acid was 
undoubtedly camphoric and not apocamphoric acid. All doubt was removed when 
Blanc and Thorpe showed (J., 1911, 99, 2010) that hydrolysis of (XVI) with very weak 
alkali yielded a C, diketone with the methyl group intact. Their earlier criticism was 
therefore invalid. 

Many years later, Thorpe returned to the study of Balbiano’s acid, C,H,,0;. To this 
the discoverer had assigned the formula (XVII), and had interpreted the formation from 
camphoric acid as follows : 


//Me-COgH OH-CMe:CO,H nigh 
He CMe, Me, 
H.C 

H-CO,H OH-CH-CO,H H-CO,H 


Me, (XVILI.) 
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Thorpe (with Kon and Stevenson, J., 1922, 121, 650; with Pandya, J., 1923, 123, 2852; 
and with Rothstein and Stevenson, J., 1925, 127, 1072) decided that Balbiano’s formula 
was unacceptable and that the reactions of the acid could only be fully accounted for if 
it was represented as a-keto-«’86-trimethylglutaric acid (XVIII) in tautomeric equilibrium 
with the hydroxy-lactonic acid (XIX) : 


CHMe:CO,H : | 
(XVIII.) (Me, ¢ )° (XIX.) 

CO-CO,H CO,H 
Conclusive evidence in support of this view was provided subsequently by J. C. Bardhan, 
in Thorpe’s laboratory. He was successful in synthesising the keto-acid (XVIII) by an 
unambiguous method (J., 1928, 2604). The synthetic acid was identical with Balbiano’s 
acid. 

3. The Formation and Reactions of Imino-compounds. 


Although Thorpe’s work on tautomerism and on valency deflexion had a greater effect 
on contemporary chemical thought and aroused greater interest at the time of publication, 
his fundamental researches on the imino-compounds possibly represent his most permanently 
valuable contribution to chemical science. He was led to investigate this field in the first 
place through his interest in ethyl cyanoacetate, which might well rank as his favourite 
compound. In 1904, with Baron and Remfry (J., 85, 1726), he discovered that this 
substance condensed with its own sodio-compound in the following way : 


CO,Et-CH,°CN + CHNa(CN)-CO,Et —> CO,Et-CH,°C-CNa(CN)-CO,Et 
NH 


(This scheme represents a slight later revision of that originally proposed.) From the 
product, acid liberated the free B-imino-«-cyanoglutaric ester (XX), the structure of which 
was shown by its degradation to the known «-cyanoacetoacetic ester (XXII) through the 
stages shown : 


(XX.) 


CO,Et-CHyC-CH(CN)-CO,Et 
NH 


Na,CO, { 


£08 Et 
CO,H-CH,"C*CH(CN)-CO,Et _ 144° Pron 
XXI. 2 2 2 N 
( ) NH —> NH:C om, ms H (XXIII.) 
Distillation 
of NH, salt 


CH,‘C-CH(CN)-CO,Et 
NH 


Dilute 
H,SO, 


(XXII) CH,*CO-CH(CN):CO,Et 


The intermediate acid (XXI) was decarboxylated at 160°, but at a few degrees above the 
melting point it was cyclised to ethyl glutazinecarboxylate (XXIII), which could be 
hydrolysed to 2 : 4 : 6-triketopiperidine (XXIV). 

These results were of great interest both from the character and reactivity of the pro- 
ducts formed, and from the novelty of the initial condensation. Thorpe promptly began 
to investigate the generality of the addition of sodiocyanoacetic ester to the cyano-group. 
In 1906, with Atkinson (J., 89, 1906), he showed that the sodio-ester condensed with 
phenylacetonitrile to yield the additive compound (XXV). The structure of this was 
shown by its fission by means of alcoholic potash into phenylacetic and malonic acids. 
The sodium compound of (XXV) was methylated * at the starred carbon, for the methylated 


* The methylation of 8-imino-a-cyanoglutaric ester (XX) was fully studied some years later (with 
Campbell, J., 1910, 97, 1299). 
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product was hydrolysed to «-phenylpropionic acid and malonic acid. Treatment of these 
substances with cold concentrated sulphuric acid produced a remarkable result; in the 
space of one minute, the following changes occurred : 


CH, 
(\/ Ncw _, ee: 
Oe atate Ag —_ 


(XXVI,) aut 


The ethyl 1 : 3-naphthylenediamine-2-carboxylate (X XVII) separated as a. sulphate 
when the product was poured on ice. The free base was yellow and the salts were colour- 
less, suggesting that they had the imino (XXVI) and the amino (XXVII)-structure, 
respectively. The diamino-ester on hydrolysis yielded the corresponding acid, which 
above the melting point yielded 1 : 3-naphthylenediamine, identical with that obtained 
from 1: 3-dinitronaphthalene. It was found, moreover, that ethyl sodiocyanoacetate 
was not an essential component in the initial condensation, because phenylacetonitrile 
condensed with itself in the presence of sodium ethoxide to yield successively the com- 
pounds (XXVIII) and (XXIX) together with some cyanobenzyline (trimeride). 


Ph-CH,"C-CHPh-CN 
NH 


(X XVIII.) Ph-CH,°CO°CHPh’CN ‘(xxIx.) 


The imino-nitrile (XXVIII) was cyclised by sulphuric acid to 2-phenyl-1 : 3-naphthylene- 
diamine, a compound which was subsequently examined in detail (Lees and Thorpe, J., 
1907, 91, 1282). 

In 1907, with Atkinson and Ingham, Thorpe showed the reaction to be even more 
general, because benzonitrile condensed readily with ethyl sodiocyanoacetate. It was 
therefore clear that, of the two nitriles taking part in the Thorpe reaction (as it came to 
be called), only one needed to be able to form a sodium derivative. 

o-Toluonitrile exhibited steric hindrance towards the reaction, the yield being low, 
but the product (XXXI) could be made by fusing the corresponding keto-ester (XXX) 
with ammonium acetate. It was found that the o-methyl group of (XX XI) was remarkably 
reactive, the compound being quantitatively cyclised by cold sulphuric acid to the cor- 
responding naphthylenediamine derivative (XXXII, R = CO,Et) : 


CNH CNH 


CO-CH(CN)-CO,Et 
IN/ — WN/ \cucot _, ( 4 \¢ 
| | waa Ge vod 
\ \cH, WS A 
(XXX.) (XXXI) . asa, 


A similar series of reactions was performed by condensing o-toluonitrile with phenyl- 
acetonitrile, the final product having the structure (XXXII, R = Ph). It was found that 
there was no tendency for the formation of a di-iminohydrindene ring under the same 
conditions, but Thorpe (J., 1907, 91, 1004) was able to prepare derivatives of 1 : 4-naphthyl- 
enediamine by a similar cyclisation : 


C.NH 


CNH 
Y \cH VA 
Cy Lak ‘vz. Or \ a ote hills 


NH, 


Another paper with Atkinson (ibid., p. 1687) describes similar condensations and cyclisations 
in which the starting materials were cyanoacetic ester and the three tolylacetonitriles. 
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Thorpe found, however, that ethyl «-cyano-y-phenylacetoacetate, that is, the ketone 
corresponding to the imine (XXV), did not cyclise to the isomeric aminonaphthol deriv- 
ative (J., 1907, 91, 1899). 

An important advance was made in the following year when the first intramolecular 
reaction involving two nitrile groups was discovered (Moore and Thorpe, J., 1908, 93, 
165). A trace of sodium ethoxide was found to convert the dinitrile (XXXIII) into 
8-imino-«-cyanohydrindene (XXXIV). The structure of the product was proved by the 
reactions shown below : 


(ni asl ( ON Sc + ag BO CY Seo - on ZV AOE 
ar, <N “ch a int: 4. CN a Seer 


(XXXII. ) (XX XIV.) (XXXVI) 


CH, Vy, 
(XXXVII.) No ‘NH, (XXXv.)[ |] -NH —> | 
Ag ‘CN WN ci ‘CO,H NY, a 


This work raised afresh the question of fine structure. Were the compounds better repre- 
sented as imines or as amines? For example, was the original condensation product 
(XXXIV) or (XXXVII)? These questions could be answered with certainty in the case 
of most of the products. For instance, the original product was undoubtedly the imine 
(XXXIV) because of its ease of hydrolysis and lack of salt-forming properties. On the 
other hand, the acid (XX XV) and its derivatives behaved as amines (formule correspond- 
ing to XXXVII). The acid yielded a hydrochloride and lost carbon dioxide more readily 
than ammonia. «-Cyanohydrindone (XXXVI) also exhibited tautomeric properties, in 
this case of the keto-enol type. The substance yielded O-ethers from the enolic form and 
carbonyl derivatives from the keto-form. 

Thorpe’s next collaborator in this field was S. R. Best, and in 1909 the two published 
four important papers (J., 95, 8, 261, 685, 1506). In the first it was shown that for the 
ring closure of §-imino-y-phenylbutyronitrile (XXXVIII) to 1: 3-naphthylenediamine 
(XX XIX) the a-substituents (phenyl, carbetboxyl) which had been present in previous 


nee 


O\/\s 

(XXXVIIL) | vy, tH. 7 os (XXIXX.) 
WY cn’ WSS 
2 


compounds were unnecessary. The ring closure proceeded smoothly in cold concentrated 
sulphuric acid. Following this the auto-condensation of the three tolylacetonitriles was 
studied. 

An important research on the extension of the reaction to the aliphatic field followed. 
Thorpe showed (J., 1909, 95, 1901) that adiponitrile (XL) was cyclised to imino-2-cyano- 
cyclopentanone (XLI) when it was warmed with sodium ethoxide : 


aaa H,-CH, 
on -NH (XLI) 
H,CH,CN 


This represents the reaction stripped to its essentials. Best and Thorpe were able to 
show that the same process occurred in a slightly more complicated case. Carpenter 
and Ferkin, by the action of ethyl sodiocyanoacetate on ethylene dibromide, had obtained 
cyclopropanecyanoacetic ester (XLII), together with a compound formed by reaction 
with a second molecule of the cyano-ester, and believed to be (XLIII). Best and Thorpe 
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showed that this, too, was a cyclopentane derivative (XLIV), and could be hydrolysed in 
the stages shown : 


H, CN H,-CH,CN H,CH-CN H,CH-CN 
St< ene —> >CcO 
H, ~CO,Et | CH,:CH(CN)-CO,Et H,*CH-CO,Et H-CO,Et 

(XLIL.) (XLIII.) (XLIV.) | 


eS “CH: CN +i ‘CH, 
CO 
HyCh, a 


An important distinction was noticed between the ketones, which were stable to acids 
but suffered ring-fission with alkalis, and the imino-compound, which was stable to alkali 
but lost ammonia on treatment with acids. 


They next examined the possibility of forming heterocyclic compounds from amino- 
nitriles, ¢.g., 
H,°CH,*-NH CH,°CH. 
I ne Sin 
H,°CN H, rex NH 


It was found that the amino-nitrile (XLV) could be cyclised to the pyrrolidine derivative 
(XLVI) : 
NH,—C:C(CN)-CO,Et —-C(CN)-CO,Et 


(XLV.) CN —> NH: 0 oe H-CO,Et (XLVI) 
\\CH,—CH-CO, Et fe 


A remarkable series of transformations was observed when the product was treated by 
mild reagents. The chemistry of the substances in this group is much complicated by the 
ease of imino-amino tautomerism. 

A. D. Mitchell and Thorpe (J., 1910, 97, 997) next showed that for the intramolecular 
formation of a cyclopentanone-imine only one cyano-group was essential, and the place 
of the second could be taken by some other activating group. Thus: 


H, CN Hy-CH-CO.E 
“a + CHNa(CO,Et), —> I Px ” CO(OEt), 
H, CO,Et H-CO,Et 


cold acid 


H,°CH-CO,Et pot acia 
>CO ——> cycloPentanone 
H,°CH-CO,Et 


This established a close connection between the Thorpe and the Dieckmann condensation, 
It was shown (tbid., p. 2261) that a similar cyclisation of a monocyano-compound, accom- 
panied by loss of a carbethoxyl group as ethyl carbonate, also occurred in the condensations 
first studied by Gabriel and Hausmann. Thus the product of the interaction of o-cyano- 
benzyl chloride and a sodio-ester CHNa(X)-CO,Et was proved to have the formula (KLVII) 
and not that (XLVIII) proposed by the discoverers. 


CH,CL 4, AHyCHX-CO,Et AH, 


Jr /HatCHyCO,Et 
( (YX {J CH-CO,Et a 
Mv \cn \/\CNH WW Non 


(X = CO,Et, CO-CH,) (XLVIL.) (XLVIII.) 


Thorpe’s interest in imino-compounds soon attracted him to the neglected reaction of 
Guareschi. In later years, with Kon (J., 1919, 115, 686; 1922, 121, 1765), he did much 
to improve and popularise this. It consists in the condensation of a ketone with cyano- 
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acetic ester and ammonia and leads to the precipitation of the “‘ Guareschi imide ” (XLIX) 
as the ammonium salt : 


CH,(CN)-CO,Et H(CN)-C 
RCO + cH(cn)-co,Et + NHs —> Rae< (cn) co arts 


Hydrolysis of these imides with sulphuric acid gives excellent yields of 88-dialkylglutaric 
acids, and the process constitutes perhaps the best existing preparative method for these 
substances. Thorpe’s earliest experiences with the method were not very encouraging 
and he therefore (with Thole, J., 1911, 99, 422) devised a modification. Cyanoacetamide 
in water containing a little piperidine or alkali was found to condense with ketones to yield 
crystalline precipitates. The main products, however, were not symmetrical like the 
Guareschi imides, but were of the structural type (L) : 


H(CN)-CO: NH: H—CO 
(L.) Rr “_ —- "NH eR, NH (LL) 


CO-NH, CO—CH—C.NH 


Nevertheless a small amount of the tune Guareschi imide was formed as a by- 
product (Thorpe and Wood, J., 1913, 103, 1569; Kon and Thorpe, J., 1919, 115, 686). 
The unsymmetrical cyanoamides, such as (L), were able to cyclise further to the bridged 
di-imino-di-imides (LI). 

The Guareschi reaction is not suitable for the preparation of 8-monosubstituted glutaric 
acids from aldehydes, because the condensation products are stable pyridine compounds. 
The cyanoacetamide method, however, goes very well, to give the open-chain dicyano- 
glutaramides, which are smoothly hydrolysed to the corresponding acids (Day and Thorpe, 
J., 1920, 117, 1465) : 


c1z_-CH(CN)-CO-NH, c1z_-CH,'CO,H 
— Caan COme ies CE Con 


4. Glutaconic Acids. 


Thorpe became interested in these substances at the time of his synthetic work with 
Perkin and remained actively concerned with their investigation for a quarter of a century. 
The chemistry of these substances is very complicated. There is an intricate interplay 
of stereochemical inversion and tautomeric change. We know today that the special 
hypothesis advanced by Thorpe to explain their behaviour is no longer valid. Neverthe- 
less it is due to the stimulus given by his work in the field that the truth has finally come 
to light, mainly through the work of Kon and of Packer, both members of Thorpe’s school. 

Thorpe’s cardinal point of view is well stated in a paper in 1923 (J., 123, 3343). ‘‘ All 
experiments on the glutaconic acids . . . combine to show that there is something in the 
constitution of these substances which conventional symbols do not explain, and that 
this ‘ something ’ is connected with the mobile hydrogen atom of the system, because it 
disappears when that atom is absent ; we assume, therefore, that this structural peculiarity 
is connected with the mode of attachment of the mobile hydrogen atom to the rest of the 
molecule.” 

It will be convenient at this point to summarise the abnormalities in glutaconic acid 
chemistry which led Thorpe to take up this position. They are: 


(i) The apparent equivalence of the «- and the y-position. 
(ii) The absence of the full number of geometrical isomerides. 
(iii) The apparent impossibility of obtaining optically active compounds. 
(iv) The abnormal reactivity in additions. 
(v) The peculiarities of anhydride formation. 


It was the first two of these considerations which led to Thorpe’s initial dissatisfaction 
with the conventional formula CO,H-CH:CH-CH,°CO,H. The system of graphic formule 
o Bp Y 
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due to the genius of Frankland, Couper, and others has been the mainstay of organic 
chemistry. It nevertheless, like all systems, has its disadvantages, and one of these is 
its lack of ability to suggest abnormal reactivity. This shortcoming exercised the minds 
of many chemists at the beginning of the century. It was a time when the conception 
of valency lacked the comparative precision which it has acquired today and when men of 
bold minds were able to express themselves with freedom. The shadow of the physicist 
had yet to fall upon the landscape, and organic chemists were still living in a happy Arcadian 
simplicity. There arose the “‘ centric ’ formula for benzene, the partial valencies of Thiele, 
and, in 1905, Thorpe’s “ normal” formula for glutaconic acid : CO,H-CH-CH,-CH-CO,H. 
It was held that this best represented the structure of the ordinary crystalline acid. It 
indicated a resemblance to the aromatic type, a diminution of unsaturated reactivity, 
and explained the equivalence of the «- and the y-position and the absence (at that time) 
of a second geometrical isomeride. As the facts stood in 1905, the “ normal” formula 
was a better reaction formula than the conventional. It was, however, too adventurous 
to receive general acceptance, and was in particular the target for criticism by Feist. A 
long controversy ensued, singularly lacking in acrimony. It now appears that, although 
the “‘ normal” form has outlived its usefulness, Feist tended to underestimate the possi- 
bilities of double-bond migration in glutaconic acids and to overemphasise the importance 
of a purely stereochemical inversion in explaining the various phenomena. 

In 1911, with Thole, Thorpe returned to the study of the apparent equivalence of the 
a- and the y-position, and examined the peculiar tendency of glutaconic acids to yield 
chloro- and hydroxy-anhydrides on treatment with acetyl chloride. This work was 
extended to other members of the glutaconic series and to the aconitic acids in 1912 (with 
Bland). It was emphasised that in unsymmetrically substituted molecules the tendency 
for the acid (or its derivatives) to exist in a conventionally double-bonded (labile) form was 
increased. Later, with Wood, the alkylation of glytaconic ester was studied. It was 
shown that the results obtained by alkylating the pure sodio-derivative in dry ether with 
methyl iodide differed from those obtained by the use of sodium ethoxide. The former 
led to successive «- and y-methylations and the product was then capable of a final alkylation 
to an awy-trimethylglutaconic ester. In sodium ethoxide, however, both methyl groups 
entered the «-position, the system lost its mobile hydrogen atom, and was incapable of 
further alkylation. These results were correlated with the positions taken up by the 
double bond at the various stages. 

In 1919, Thorpe (J., 115, 679) extended some earlier observations on the additive 
reactions of glutaconic derivatives. He pointed out that, in general, the “ normal” 
compounds do not form additive compounds readily, whereas the labile compounds 
exhibit the ordinary reactions of the double bond. He observed, however, that “‘ normal ”’ 
6-methylglutaconic ester reacted with sodiocyanoacetic ester to give, in low yield, a con- 
densation product, which was hydrolysed to y-methylbutane-«$8-tricarboxylic acid 
The formation of this was attributed to 1 : 3-addition to the free valencies of the normal 
form. The possibility of such addition was elaborated in subsequent papers with Ingold 
(J., 1921, 119, 492) and with Ingold and Oliver (J., 1924, 125, 2128). © The second of these 
papers illustrated the important point that, when additive reactions did occur to the 
“normal ”’ form, the products very readily “‘ reverted to type,” i.e., they tended to re- 
acquire the stable “ normal”’ glutaconic arrangement. Inthe present state of our knowledge 
it is preferable to attribute the anomalous 1 : 3-reactions to reversed 1 : 2-additions to 
«8-double-bonded forms. 

The main interest in the field then shifted to a cyclic acid of the glutaconic type, 3- 
methylcyclopropene-1 : 2-dicarboxylic acid, which was investigated by Goss, Ingold, and 
Thorpe during the years 1923—1925, and subsequently by Kon in Thorpe’s laboratories. 

The rapid increase in the knowledge of three-carbon tautomerism during the nineteen- 
twenties led to the development of improved techniques and the time became ripe for a 
reinvestigation of the many puzzling features of glutaconic acid chemistry. This was 
carried out in Thorpe’s laboratories during 1930—1933 and led to a general reinterpretation 
on the basis of three-carbon tautomerism and cis-trans isomerism. The death blow was 
simultaneously given to the ‘‘ normal” form by Packer and Thorpe (see J., 1926, 1199; 
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1931, 547; 1934, 1653), who resolved “‘ normal ” wy-dimethylglutaconic acid into optically 
active forms by means of its acid strychnine salt. It was a fitting tribute to Thorpe’s 
scientific integrity that he should at the end assist in the destruction of a theory which he 
had defended with so much skill and determination. 


5. Tautomerism and Bridged Rings. 


After Thorpe’s translation from Sheffield to the Imperial College, his work becomes 
more varied and it is correspondingly more difficult to classify and review it. 

Ever since his earlier investigations on cyanoacetic ester, glutaconic acids and imino- 
compounds, Thorpe was keenly alive to the widespread occurrence of tautomeric change 
in organic compounds. He did as much as anyone in this country to propagate the idea 
of the shifting double bond and the mobile hydrogen atom, and he played an important 
part in laying the foundation on which our modern conceptions of tautomeric change 
are based. In 1922 (J., 121, 650) he advanced what is perhaps the best and most logical 
definition of tautomerism which we have. ‘“‘ The word tautomerism is used to denote 
reversible isomeric change, such change being brought about in solution, or in the liquid 
state with or without the aid of catalysts, to form equilibrium mixtures of the individual 
showing tautomerism.” 

One of Thorpe’s most important contributions to the subject was made in 1911. With 
Thole (J., 99, 2182) he observed that, when the last mobile hydrogen atom in a tautomeric 
system was replaced by alkyl, then “.. . the tendency for the compound to acquire 
that hydrogen atom which is necessary to enable it to react in its tautomeric form is such 
that any group capable of replacement by hydrogen is at once eliminated in the presence 
of a suitable reagent.” Thus an alkylated carbethoxyglutaconic ester would react with 
sodium ethoxide with the elimination of ethyl carbonate : 


CO,Et-CR:CR”-CR”’(CO,Et), + NaOEt —> CO,Et-CR°CR’-CNaR’-CO,Et + CO(OEt), 


It was shown that this was only a property of unsaturated and potentially mobile systems, 
saturated malonic esters being unaffected. The theme was further developed for indene 
derivatives with Ingold (J., 1919, 115, 143). It was of the greatest importance in Thorpe’s 
general work on imino-compounds and glutaconic acids. 

Some of Thorpe’s most intricate work was on the tautomerism of bridged ring com- 
pounds. His interest in this field had been aroused during some early experiments with 
Perkin (J., 1901, 79, 729). They had condensed aa’-dibromo-f8-dimethylglutaric ester 
and sodiomalonic ester to yield the cyclopropane derivative (I). This, when heated with 
sodium or sodium ethoxide, gave a yellow, stable sodium compound (II) : 


CO,Et CO,Et 
Pa, E — *CO,E 
(.) MeC ry te Me,C<t = CO,Et 1) 
CO,Et 


The investigations of the involved and often ambiguous degradation reactions of this 
bridged-ring compound occupied four years and left Perkin and Thorpe not entirely 
satisfied with the results. Thorpe returned to the study of these compounds in 1919 
with Ingold (J., 115, 320). They undertook a detailed comparison of the behaviour of 
1 2 substances of type (II) with that of the corresponding compounds with a 
—_— cyclohexane ring in place of the gem-dimethyl group. The research was 
5 centred around (i) a comparison of the ease of closure of the cyclobutane 
Z3 Ting (3:4-bond formation), (ii) hydrolytic fission of the cyclopropane ring 





(4: 5-bond fission), (iii) hydrolytic decomposition of the methylation pro- 
ducts of the bridged compounds (stability of 4: 5 and 2: 3 bonds), and (iv) fission of the 
bridge (1 : 4) by reduction. 

In 1922, a further investigation of compounds of this type was made (Farmer, Ingold, 
and Thorpe, J., 121, 128), particularly of the keto-acid (III). The conclusion was reached 
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that this substance was capable of reacting in a monocyclic unsaturated form (IV). For 
this phenomenon, the convenient term “ intra-annular tautomerism ”’ was coined. 


— 
— 


(III.) Me,CC 


CO,H i 
a 


O 


To establish this fact, a thorough study was made of the oxidation with potassium ferri- 
cyanide and permanganate and of the reactions with chlorine, bromine, and nitrosyl 
chloride. A year later a study was made by Thorpe, Ingold, and their collaborators of the 
related intra-annular tautomeric system : 


Me,C<CH—f —= Me,c-CH=(H 


H—CH H=—CH 


Contemporaneously, Thorpe was studying the keto-enol tautomerism which can occur 
between a ring compound and its open-chain isomeride. This is now recognised to be of 
widespread importance and Thorpe’s term “ ring-chain tautomerism ”’ is in general use. 
The compound initially studied, with Kon and Stevenson, was the intermediate oxidation 
product of the acid (V). This was found to be capable of reacting either in the keto- 
(VI) or the hydroxy-lactone (VII) form : 


CH, Me CH, 

7 GACH, CO,H __, 4 ¥ \cHe 

Mga ME 
(v.) (VI) 


The substance behaved as an «-diketone in yielding a quinoxaline derivative, and as a 
lactol in giving an acetyl compound. Moreover, it was observed that the solution in 
water or alcohol, initially colourless, became yellow when warmed, the colour change being 
reversible. This was interpreted as the reversible formation of the diketone (VI) from 
its tautomeride. Another example of ring-chain tautomerism was seen in Balbiano’s 
acid, which has already been mentioned. Still another came from the related study of 
a-ketoglutaric acids containing various 6-substituents. 


CO-CO,H — > (OH)-CO,H 
><cH,-CO,H — H-CO,H 


This will be more appropriately considered later, in connection with valency deflection. 
The conception of ring-chain tautomerism was used to interpret the colour reactions of 
the fluoresceins and rhodamines (Dutt and Thorpe, J., 1924, 125, 2524). It was also the 
theoretical basis of an excursion made by Thorpe with Ingold and J. W. Baker into sugar 
chemistry. A study of the velocity of the mutarotation of tetra-acetyl d-glucose in dry and 
in moist ethyl acetate led to the view that the reaction was a pure example of ring-chain 
tautomerism and did not involve the intermediate formation of a hydrate (J., 1924, 125, 268). 

Thorpe was perennially interested in complex carbon ring structures. The most 
unusual with which he worked was described in a paper with Beesley (J., 1920, 117, 598) 
after earlier preliminary work. It was found that the bromination of 88-dimethylpropane- 
tricarboxylic acid gave the dibromo-ester (VIII). When this was treated with aqueous 
potash at a high temperature (‘‘ as quickly as possible, consistent with safety,”’ as Thorpe’s 
phrase runs), it yielded the bridged cyclobutane acid (IX) : 


HBr CO,Et /CHCO,H 
(VIIL) MeCCCHBr-CO,Et —> MeC<—SC-CO,H_ (IX.) 
CH,°CO,Et CH-CO,H 
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This acid was isolated in three forms, two of which gave anhydro-acids. The acids were 
stable to boiling acid and alkali, and did not react with bromine or permanganate. One 
of them, on treatment with bromine and phosphorus pentabromide, and subsequently 
with alcohol, gave a bromine-free product, which on hydrolysis yielded a tribasic acid, 
C,H,O,. This remarkable substance appears to have the structure (X), the four cyclic 
carbon atoms being situated at the corners of a tetrahedron. In support of this the 
substance yields no anhydride, has no reaction with bromine, and does not reduce per- 


H—CO 
-CO,H se \ 
~ (6 ? 


(X,) c00H —> eee 
“NG ‘CO,H pn” f 


manganate in the cold. It is oxidised by hot permanganate to methylsuccinic acid and 
converted by hydrochloric acid under pressure into the trilactone (XI). 


6. Valency Deflection. 


The developments in this field are associated jointly with the names of Thorpe and 
Ingold. Their collaboration began in 1914 and lasted until 1928. 

The point of departure in their work was the realisation that the regular tetrahedron 
was an inadequate general representation of the carbon atom. They were the first to 
give definite expression to the view that the angles between the valencies of a carbon atom 
could be modified by substitution. This fruitful idea marked a great advance. It at 
once permitted a correlation of a large number of observed facts in which highly sub- 
stituted molecules behaved in a different manner from their unsubstituted analogues. 
This central conception has been abundantly verified by exact physical measurements of 
recent years. We may mention Debye’s classical X-ray investigation of the chlorinated 
methanes, in which it was shown that the carbon-chlorine distance remained constant 
throughout the series, but the chlorine-chlorine distance altered owing to a change in the 


intervalency angle. The angle between the ve valencies is calculated to rise from 


116-4° in chloroform to 123-8° in methylene chloride. 

Thorpe and Ingold’s first paper in this field (with Beesley, J., 1915, 108, 1080) was 
concerned with the investigation of the effect produced by the alteration of the tetra- 
hedral angle owing to ring formation on the formation of and stability of a second ring 
joined to the first by a common quaternary carbon atom. It was considered that a bend- 
ing outwards of the valencies in the original ring would cause the other valencies to dis- 
tribute themselves equally in the remaining space. They would come closer together 
than the usual 109° 28’ and hence there would be a greater facility for the formation of a 
second ring. The reaction chosen for investigation was the formation of the spivo-com- 


COG CO,H OX con 
H,CO,H 
(XIII, as half ester.) (XII.) 


pound (XII) from a monobrominated derivative of cyclohexane-1 : 1-diacetic acid (XIII). 
The formation of bromo-lactones from the corresponding dibromo-esters was also examined. 

It was unfortunate that a cyclohexane derivative was used in this early work. At the 
time it was almost universally believed that this ring was “‘ strained ’’ in the Baeyer sense, 
that it was uniplanar and had an internal angle of 120°. We now know that the cyclo- 
hexane ring tan adopt multiplanar forms, although these are not sufficiently permanent 
to lead to isolable isomerides unless stabilised by fusion with another ring. It is im- 
possible as yet to draw any final conclusion as to the size of the internal angle in cyclo- 
hexane, but most chemists now regard this as being approximately tetrahedral and the 
ring as being either largely or entirely free from strain. 
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In 1921, Ingold extended the original conception to acyclic compounds. For assessing 
the value of the angle « between two substituent groups R, a calculation based 
on the molecular volumes of the groups was used. As in the early work in 

woe which R,R’ were part of a ring, the value of the emergent angle B was cal- 
C, culated. This provided a theoretical basis for a study of the effect of sub- 
stituents on the relative ease of ring formation involving the atoms C,, C, 

and on the stability of the rings so formed. 

On this basis a series of investigations was instituted over a period of years. The 
main reactions studied were (i) the ease of formation of cyclopropane compounds such as 
(XII); (ii) the stability of these acids (caronic acid type) towards fission by hydrochloric 
acid; (iii) the ring-chain tautomerism between the hydroxy- and keto-acids of types 
(XIV) and (XV) in concentrated aqueous alkali : 


R (OH)CO,H R  COCO,H 
(XIV.) = (XV.) 
R’ H-CO,H R’ H,-CO,H 


One of the most interesting observations was the general agreement in behaviour between 
the gem-dimethyl compounds and their cyclopentane analogues, as predicted by the theory. 
The results of the study of the ring-chain tautomerism (XIV => XV) were perhaps the 
most striking, the following figures being obtained : 


% at equilibrium. % at equilibrium. 


Keto-acid. Hydroxy-acid. A Keto-acid. Hydroxy-acid. 


cycloPentane 
Me, E 


It was pointed out that these differences are those expected if the substituents produce 
successive contractions in the intervalency angle 8. 
Evidence from another point of view was advanced by Spiers and Thorpe (J., 1925, 


127, 538), who made a study of the dissociation constants of a large number of acids of 
the succinic and glutaric series. This work was based on the long-recognised conception 
that the primary and secondary dissociation constants of dicarboxylic acids are largely 
determined by the distance between the carboxyl groups. The greater the distance, the 
smaller the primary, and the larger the secondary, dissociation constant. Spiers and 
Thorpe’s measurements of the primary dissociation yielded results in general agreement 
with the demands of the valency deflection hypothesis. A fuller investigation has since 
been made by Gane and Ingold. It remains, however, a matter of difficulty to obtain 
an entirely satisfactory method of calculating the distance between the carboxyl groups 
from the ratio of the first and the second dissociation constants, and to evaluate the 
relative importance of valency deflection and variation in the equilibrium configuration 
in determining this distance. 

The hypothesis of valency deflexion was the target for a good deal of criticism, notably 
from W. Hiickel, which led to a general restatement (Ingold and Thorpe, J., 1928, 1318). 
Thorpe’s final summary of his work in the field was given in his Presidential Address in 
1931 (J., p. 1020). We are not today in a position to say how important a réle valency 
deflection plays in organic chemistry. We know without question that valency angles 
are deflected and we can be reasonably certain that in this way the ease of various reactions 
is affected. The task of disentangling this effect from the other influences at work is a 
task for the future. Thorpe’s greatest achievement in this field was to release organic 
chemists from a habit of thought at once over-rigid and over-simplified. 


- 5. Miscellaneous. 
The wide range of Thorpe’s chemical interests is reflected in the number of papers 
which he published from time to time on miscellaneous matters which caught his attention. 
The first of these, dealing with a subject quite foreign from anything he had previously 
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investigated, was entitled “‘ A reaction of certain colouring matters of the oxazine series ”’ 
(J., 1907, 91, 324). This research arose from a histological observation made by Professor 
Lorrain Smith and Dr. Powell White of Manchester. They had used certain oxazine 
colours for staining pathological specimens. They found that they not only stained the 
protein blue but the fat red. Thorpe revealed the underlying chemistry of the process. 
He showed that the red colour could be reproduced in hydrocarbon solvents and was due 
to a hydrolysis; for example, in the case of Nile Blue A: 


Cl 


wy \/ \v Y ~ 
| | 
(blue) \/ (red) \/ | 


He published another paper with Lorrain Smith on Weigert’s method of staining medullated 
nerve fibres in the following year (J. Path. Bact., 1908, 13, 14). 

Two other interesting papers removed from Thorpe’s usual lines of research appeared 
in 1915. One with Jordan (J., 107, 387) was on the formation of coumarin derivatives 
and the preparation of stable coumarinic acids. It was shown that the neutral substance 
formed by the action of sodium ethoxide on ethyl tsodehydracetate was the coumarin 
derivative (XVI) : 


“06 (OH (xvir,) 


It was shown that the acetyl group in position 3 was remarkably stable. So also were 
the corresponding coumarinic acids (XVII) where X1 = CO,H or CO,Et and X? = CO,Et 
or H, which resisted cyclisation to the corresponding coumarins. The stability of these 
acids was due to the CO,H (or CO,Et) in position 8. When this was replaced by hydrogen, 
the lactone ring was easily formed. 

The other research arose from the work done at South Kensington during the early 
months of the war of 1914—1918 on the preparation of phenacetin. Thorpe and Miss 
Hurst(J., 1915, 107, 934) found that the reduction of #-nitrophenetole with tin and con- 

° OEt 


Ve 
centrated hydrochloric acid gave, not p-phenetidine, but the chloro-derivative : on 


Vir 
Later Thorpe investigated the formation of derivatives of tetrahydronaphthalene 
and of indene from y-phenyl fatty acids (with Stevenson and others, J., 1922—1924). 


The titles given below will convey some idea of the variety of work in other fields : 


“ The Action of Bromine on @-Hydrindone ”’ (with Creeth, 1908). 
“‘ The Replacement of Alkyl Groups in Tertiary Aromatic Bases ” (with Wood, 1913). 
“‘ Asymmetric Replacement in the Meta-series”’ (with Gough, 1919). 
“‘ The Intermolecular Condensation of Methyl Ethyl Ketone in the Presence of Calcium 
Carbide” (with Becker, 1922). 
“ The Influence of Substituents on the Formation and Stability of Hydantoins ” (with 
Ingold and Sako, 1922). 
“The Formation of Bromine Derivatives of Carbon Compounds without the Production 
of Hydrogen Bromide ” (with Gupta, 1922). 
“‘ The Formation of Stable 8-Lactones ”’ (with Bains, 1923). 
“ The Relative Stability of Open-chain Dibasic Acids containing Odd—Even Numbers 
of Carbon Atoms ”’ (with Challenor, 1923). 
“ The Properties of Conjugated Compounds ” (with Farmer and others, 1927—1928). 
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In addition to his original memoirs, Thorpe carried out a large amount of other writing. 
He undertook the gigantic task of editing, with Dr. M. A. Whiteley, the Supplementary 
and the New Editions of the “ Dictionary of Applied Chemistry ”’ founded by his namesake, 
Sir Edward Thorpe. He also wrote ‘“ The Synthetic Dyestuffs,” in collaboration with 
J. C. Cain and later with R. P. Linstead; ‘‘ The Vat Dyestuffs,” in collaboration with 
C. K. Ingold; and ‘‘ A Student’s Manual of Organic Chemical Analysis,” with M. A. 
Whiteley. He contributed to the ‘‘ Annual Reports on the Progress of Chemistry ”’ in 
1914 and wrote a section of the Memorial to W. H. Perkin, jun. It is a volume of achieve- 
ment which reflects on the wide knowledge of the chemist and the unquenchable vitality 
of the man. 


R. P. LinsTEAp. 
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SIR WILLIAM FITZTHOMAS WYLEY. 
1852—1940. 


Str Witt1amM WYLEy, Chairman of the well-known firm of manufacturing chemists and 
druggists bearing his name, died at his home, The Charterhouse, Coventry, on August 11th, 
1940, in his 89th year. * 

He was born at Stoke House on June 12th, 1852, and received his early education at 
Rugby. After leaving there, he attended the College of the Pharmaceutical Society. 
Later, Wyley went abroad, studying manufacturing and industrial production with several 
important continental firms. 

He entered the Firm of Wyleys, in which both his father and his uncle were members, 
eventually becoming chairman and managing director. 

Wyley was one of the oldest Fellows of the Chemical Society, having been admitted 
as a life member in 1884. His association with the British Pharmaceutical Conference 
dates back to 1870. ; 

The honour of knighthood was conferred on him in 1938 in recognition of his social 
and public services in Coventry and in the County of Warwick. 

The life of Sir William was so intimately interwoven with the social and business fabric 
of Coventry’s existence for some 60 years that he had become a living representative of 
the City’s highest ideals in those matters intensely affecting her real welfare. 

A man of culture and refinement, he brought an air of dignity and a natural charm of 
manner to the aid of the many public causes claiming his unfailing co-operation. 

It was in 1872 that Sir William was appointed an Ensign in the second Volunteer 
Battalion of the Royal Warwicks, and he was for many years honorary Colonel Com- 
mandant. In the last war Sir William raised the third Battalion of the Coventry Regiment 
and for a year commanded the third Line Brigade. 

Sir William Wyley was elected Mayor of the City of Coventry in 1911, and in 1924 
the ‘honorary freedom of Coventry was bestowed on him in recognition of his long and 
distinguished service to his native City. 

In 1914 he was appointed Sheriff of Warwickshire and subsequently he became a Deputy 
Lieutenant of the County. 

He had been a bank director for over half a century, first of the old Coventry Union 
Bank and then of the Midland Bank. He was a Governor of King Henry VIII School and 
of the Birmingham University. 

In the world of Freemasonry Sir William was a distinguished figure. From 1916— 
1918 he was Deputy-Provincial Grand Master of Warwickshire, becoming Provincial 
Grand Master in the latter year, which position he held to the time of his death. 

A keen churchman, Sir William had a life-long association with the Cathedral church 
of St. Michael. He had held many important offices, including those of churchwarden, 
treasurer, and lay-canon. 


He was cremated on August 15th, 1940, and his ashes rest in the crypt-chapel of the 
Coventry Cathedral. G. PINCHBECK. 





79. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXV. Furfurylideneacetone as a Reagent for the Extension 
of Ring Systems. 


By L. E. Kine and Sir ROBERT ROBINSON. 


A number of miscellaneous observations have been made in the course of an ex- 
ploration of the methods available for adding a substituted homocyclic ring to an existing 
nucleus and, although most of the projected lines of investigation failed for reasons which 
it is hardly necessary to explain in detail, one new process of interest has been brought 
to light. This is the condensation of the sodio-derivative of a 2-substituted cyclo- 
hexanone with furfurylideneacetone. For example, the unsaturated ketone (I) is so 

II 
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obtained from 1-keto-7-methoxy-2-methyl-1 : 2:3:4:9:10: 11: 12-octahydrophen- 
anthrene. 


fO.H 
4 Pie 
Jn Hy 
ook Nh 
(II.) 


The next contemplated stages are reduction and then oxidation to (II), which could 
doubtless be degraded to x-oestrone methyl ether. Experiments in this direction are in 
progress; meanwhile, (III) has been prepared in the same fashion from 2-methylcyclo- 
hexanone and has been reduced to (IV) and oxidised to (V). It remains to transform 
(V) into cis- or trans-9-methyl-a-decalone in order to establish its stereochemical 
configuration. 


NR 
Me CO,H | \GH: OH 


(YY a,” 
MeO 3 
/ \ 

(v.) (VI.) 
The sec.-alcohol (VI) has been prepared from ketomethoxymethyloctahydro- 


phenanthrene by an application of the ‘‘ butenyl ” method of Hibbit and Linstead (J., 
1936, 470; cf. J., 1936, 476; 1937, 1136, 1140; 1938, 666). 


2-METHYL-A!-cycloPENTENE-1-ALDEHYDE has been obtained by Wallach (Annalen, 1906, 
347, 338), but the method gives a very poor yield and is not suitable for preparative pur- 
poses. The Stephen reduction of the corresponding nitrile (VII) could not be accomplished, 
but the aldehyde was obtained by heating the barium salt of 2-methylcyclopentene-1- 
carboxylic acid with barium formate (cf. Davis, Heilbron, Jones, and Lowe, J., 1935, 584). 


a ‘oe (Sms \ | cHMe 


(VIL.) (VIII.) (IX.) 


It was intended to condense this aldehyde with ethyl acetonedicarboxylate in the hope of 
making a hydrindene derivative, but varied trials with more readily accessible models 
gave no promise of a successful outcome. 

2-Ethoxymethylenecyclopentanone (VIII) was brought into reaction with methyl- 
magnesium iodide, but the product was a hydrocarbon, CgHy», possibly (IX), and not the 
expected carbinol. No adduct was obtained from this hydrocarbon and maleic anhydride 
in benzene solution, but it is hard to devise a plausible formula not containing conjugated 
bonds, Some other avenues were closed at an early stage. Although 2-chlorobutadiene 
(chloroprene) condenses readily with maleic anhydride and «-naphthaquinone (Carothers, 
Williams, Collins, and Kirby, ]. Amer. Chem. Soc., 1931, 53, 4204), we have not been able 
to isolate an adduct with citraconic anhydride. 

The preparation of ethyl 1-methylcyclopentan-2-one-1-acetate has been carried out (cf. 
Adamson, McQuillin, Robinson, and Simonsen, J., 1937, 1576; Ruzicka, Koolhaas, and 
Wind, Helv, Chim. Acta, 1931, 14, 1169 for the method of purification of such esters), 
but no glycide ester could be obtained by reaction with ethyl chloroacetate or ethyl bromo- 
acetate in alcoholic sodium ethoxide solution. Hiickel and Goth (Ber., 1934, 67, 2104) 
reported that the dehydration of 5-hydrindanol gave a mixture of hydrocarbons. The 
experiment was performed at rather a high temperature, but we find that the action of 
alcoholic potassium hydroxide on 5-bromohydrindane yields the same mixture. 

The hydrochrysene derivative (VI) mentioned in the summary (above) was obtained 
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in such small yield that further work was prohibited by the relative inaccessibility of the 
intermediate. 

Of the several topics touched, we consider the following most worthy of further attention 
and the extension of the work is in active progress. Rapson and Robinson (J., 1935, 
1285) prepared a phenyloctalone by the condensation of styryl methyl ketone and the 
sodio-derivative of cyclohexanone. 2-Keto-4-furyl-10-methyl-A1:°*-octalin (III) may be 
similarly obtained and the assumed constitution is supported by many analogies. Catalytic 
reduction affords the dihydro-ketone, which was fully reduced to (IV) by an application 
of the Wolff-Kishner method. Oxidation by potassium permanganate (cf. Reichstein, 
Helv. Chim. Acta, 1935, 18, 721) was unsuccessful and the action of bromine water gave no 
acidic product. The furan ring was first opened by hydrolysis; the product was then 
amenable to oxidation with permanganate and 9-methyldecalin-l-carboxylic acid (V) 
was produced. It is hoped to improve this process and to convert (V) into one of the 
known members of the decalin group. Only when this model has been thoroughly worked 
through will it be desirable to apply selected processes to the complex substance (I), 
which is of the most direct interest for the synthesis of x-oestrone. Naturally we have 
also in mind a similar series of operations starting from 1-keto-7-methoxy-2-methyl- 
1: 2:3: 4-tetrahydrophenanthrene.* 


EXPERIMENTAL. 


2-Methylcyclopentanone Cyanohydrin.—Anhydrous hydrogen cyanide from potassium 
cyanide (50 g.; cf. Wade and Panting, J., 1898, 73, 256), cooled in a freezing mixture, was 
mixed with a few drops of aqueous potassium cyanide, and 2-methylcyclopentanone (45 g.) 
slowly added with shaking. The mixture was kept at 0° overnight and then neutralised with 
sulphuric acid, and the excess of hydrogen cyanide removed under diminished pressure. The 
residue was a colourless viscid liquid (49 g.), b. p. 118°/14 mm. 

In another preparation the bisulphite compound of methylcyclopentanone was treated with 
aqueous potassium cyanide; the same cyanohydrin was obtained, b. p. 116°/13 mm., but the 
yield was inferior. 

2-Methyl-A'-cyclopentene-1-nitrile (VII).—Thionyl chloride (48 g.) was slowly added with 
shaking to an ice-cold mixture of the above cyanohydrin (25 g.) and dry pyridine (32 g.), which 
was then heated on the steam-bath for 1 hour. The nitrile was isolated in the usual way and 
had b. p. 68—70°/14 mm. (yield, 80%) (Found: N, 13-0. C,H,N requires N, 12:9%). The 
odour was similar to that of benzonitrile. 

2-Methyl-A'-cyclopentene-1-carboxylic Acid.—Methylcyclopentenenitrile (10 g.) was refluxed 
for 48 hours with a solution of potassium hydroxide (15 g.) in water (150 c.c.). The acid, ob- 
tained in 85% yield, was volatile in steam, and crystallised from hot water in colourless needles, 
m. p. 125° (Found: C, 66-9; H, 7-8. C,H, O, requires C, 66-7; H, 7-9%). 

2-Methylcyclopentene-1-aldehyde.—The potassium salt of the above acid (6 g.) in water 
(25 c.c.) was mixed with a solution of barium chloride (4-9 g.) in water (30 c.c.) with stirring. 
The precipitated barium salt was washed with water and dried by distilling its suspension in 
benzene under reduced pressure. An intimate mixture of the barium salt (5-2 g.) and barium 
formate (3-1 g.), with an equal bulk of silver sand, was heated for 2 hours (oil-bath, 150—200°) 
under 2 mm. pressure until no more oil distilled. A small quantity of the aldehyde was obtained 
on redistillation, b. p. 70—75°/14 mm. This was converted into a 2 : 4-dinitrophenylhydrazone, 
which crystallised from acetic acid in red needles, m. p. 200° (Found: C, 53-7; H, 5-0; N, 19-0. 
C,3H,,0,N, requires C, 53-8; H, 4-8; N, 19-3%). On keeping, the aldehyde polymerised. 

2-Ethoxymethylenecyclopentanone (VIII).—A mixture of cyclopentanone (21-5 g.) and ethyl 
orthoformate (37 g.) was slowly added to sodium ethoxide (16-5 g.) suspended in dry ether 
(200 c.c.), with shaking and cooling. Next day, water and ether were added, and the solution 
neutralised with acetic acid. On distillation, an oil (12-3 g.), b. p. 115—122°/11 mm., was 
obtained, and characterised by preparation of a semicarbazone, which crystallised from alcohol 
in colourless prisms, m. p. 222—223° (Found: N, 20-3. C,H,,0,N, requires N, 20-6%). 

Reaction with methylmagnesium iodide. The Grignard reagent prepared from methy] iodide 
(1 mol.) was added slowly to 2-ethoxymethylenecyclopentanone (1 mol.) in ethereal solution, 
and the reaction was completed by refluxing for 3 hours. The mixture was poured on ice, and 


* Already under way and the condensation with furfurylideneacetone proceeds more smoothly in 
this case.—R. R. 
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hydrochloric acid added; the ethereal extract was washed, dried, and evaporated. On dis- 
tillation, a colourless oil, b. p. 96—98°/11 mm., was obtained (Found: C, 87-7; H, 10-7. C,H,, 
requires C, 88-8; H, 11-2%). 

Ethyl 1-Methylcyclopentan-2-one-1-acetate—A mixture of 2-methylcyclopentanone (49 g.), 
sodamide (19-5 g.), and ether (700 c.c.) was refluxed for 10 hours, hydrogen being passed to 
remove ammonia. After cooling in ice, ethyl chloroacetate (57 g.) was added with vigorous 
shaking, sodium chloride separating. The reaction was completed by refluxing for 5 hours; 
ice was then added, and the product collected (ether). Distillation of the oil under 14 mm. 
gave methylcyclopentanone (18 g.), a fraction (31 g.), b. p. 125—135°, and a higher-boiling 
fraction. 

A mixture of the crude ester (25 g.), ethyl oxalate (22-4 g.), and powdered sodium (3-3 g.) 
in light petroleum (500 c.c.) was shaken on the machine for 3 days. The product was worked 
up following Ruzicka, Koolhaas, and Wind (loc. cit.). The oil so recovered was heated for 1 hour 
at 180°/18 mm., carbon monoxide being evolved; it then distilled as a colourless, viscous 
liquid, b. p. 140—155°/0-5 mm.; redistillation gave ethyl 3-carbethoxy-1-methylcyclopentan- 
2-one-l-acetate, b. p. 142—146°/0-5 mm. (Found: C, 60-3; H, 7-9. C,,H,,O, requires C, 
60-9; H, 7-9%). 

The ester (10 g.) was hydrolysed by boiling with concentrated hydrochloric acid (100 c.c.) 
for 20 hours. The crude, oily acid was esterified with boiling alcohol (100 c.c.) and sulphuric 
acid (18 g.), and ethyl 1-methylcyclopentan-2-one-1-acetate was obtained as a colourless oil, b. p. 
130—133°/14 mm. (Found: C, 65-2; H, 8-9. Cj, 9H,,O, requires C, 65-2; H, 8-7%). 

. Bromination of 8-Methyl-6-hydrindanone.—cis-8-Methyl-6-hydrindanone (3 g.) (Errington 
and Linstead, J., 1938, 666) was treated with 2 drops of concentrated hydrobromic acid and 
then with a solution of bromine (1 c.c.) in acetic acid (30 c.c.). The isolated, crude, bromo- 
ketone (4 g.) was boiled with dry pyridine (70 c.c.) for 12 hours. The product was mixed with 
water, neutralised with dilute sulphuric acid, and extracted with ether. The oil obtained gave a 
semicarbazone which, crystallised from methyl alcohol, had m. p. 199° (Found: C, 62-9; H, 
9-6. Calc. for C,,H,,ON,: C, 63-8; H, 82%. Calc. for C,,H,,ON,: C, 63-1; H, 9-1%). 

In another experiment the crude bromo-ketone (4 g.) was boiled for 3 hours with quinoline 
(70 c.c.), and the product worked up in the usual manner and converted into the semicarbazone, 
m. p. 199° (Found: C, 64-2; H, 9-3%). 

The crude oil obtained in these two experiments exhibited no unsaturated properties. It 
decolourised permanganate solution in 1—2 minutes, and bromine water was unaffected. 

The crude bromo-ketone (4 g.) was then heated in a sealed tube with trimethylamine (9-5 g.) 
in alcohol (30 g.) at 100° for 6 hours. The contents of the tube were washed out with alcohol 
and evaporated to dryness under diminished pressure. The residue separated from alcohol 
in light yellow crystals, m. p. 240°. The quaternary bromide was dissolved in the necessary 
quantity of 90% alcohol, and shaken for 2 hours with twice the calculated quantity of silver 
oxide. The solution was filtered, and the dried product after removal of solvent was distilled 
at <1 mm. pressure, the receiver being well cooled in a freezing mixture. The distillate was 
dissolved in ether, and any base removed by washing with hydrochloric acid. The ethereal 
solution was washed with sodium bicarbonate and water and dried; after removal of the 
solvent, the residue distilled as a faintly yellow oil, b. p. 112—118°/12 mm. This was converted 
into a semicarbazone, which crystallised from methyl alcohol in large clusters, m. p. 200° 
(Found: C, 62-2; H, 86%). A mixture with a specimen of the semicarbazone of 8-methyl- 
6-hydrindanone had m. p. 193°. The oil decolourised permanganate immediately and also 
bromine water. 

The ketone (2 g.), alone and also in benzene solution, was heated in a sealed tube at 160° 
for 6 hours with vinylcyclohexene (1-9 g.), prepared by the method of Cook and Lawrence 
(loc. cit.); there was no evidence of any reaction. 

A‘t- and A®-Tetrahydrohydrindenes.—cis-5-Hydrindanol (Linstead and Mead, J., 1934, 946) 
(3 mols.) was mixed with. phosphorus tribromide (1-5 mols.) with vigorous shaking below 0°. 
After 12 hours ice and ether were added, and the ethereal extract washed with sodium carbonate 
and water and dried. After removal of the solvent, 5-bromohydrindane distilled as a colourless 
oil, b. p. 104—105°/15 mm. The bromide was refluxed for 10 hours with an excess of alcoholic 
potassium hydroxide (20%). The hydrocarbon was isolated in the usual way and was distilled 
over sodium as a mobile, colourless oil, b. p. 175—177°/750 mm. (Found: C, 88-4; H, 11-6. 
Calc. for C,xH,,: C, 88-5; H, 11-5%). 

The hydrocarbon (5 g.) was oxidised at 40° with potassium permanganate (16-4 g.) and 
potassium hydroxide (3-9 g.) in water (600 g.), and the acidic products isolated in the known 
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manner, m. p. 70—118°. On fractional crystallisation from hot water, two acids were obtained, 
m. p. 173° and m. p. 101° (cf. Linstead and Mead; Hiickel and Goth, loc. cit.). 

1-Keto-7-methoxy-2-methyl-1 :2:3:4:9:10: 11: 12-octahydrophenanthrene.—1-Keto-7-me- 
thoxy-2-methyl-1 : 2: 3: 4:9: 10-hexahydrophenanthrene (5 g.) (Robinson and Walker, J., 
1936, 193) was hydrogenated under 3 atms. in methyl alcohol (50 c.c.) with a 2% palladised 
strontium carbonate catalyst (2-5 g.). Absorption of gas was regular and was complete after 
9 hours. The filtered solution was evaporated; the residue distilled as a viscous syrup, b. p. 
171—175°/0-25 mm., which set to a stiff glass. A mixture of this hydrophenanthrol (4-5 g.), 
acetone (100 c.c.), aluminium /ert.-butoxide (7-6 g.), and benzene (200 c.c.) was refluxed for 
48 hours. Dilute sulphuric acid was added, and the benzene solution washed and dried. The 
residue was converted into the semicarbazones of the stereoisomeric 1-keto-7-methoxy-2-methyl- 
octahydrophenanthrenes. The mixed semicarbazones were hydrolysed with 20% oxalic acid 
solution; the resulting ketone was isolated by means of ether and, after the semi-solid product 
had been washed with methyl alcohol, crystallised from ether, affording the pure ketone, m. p. 
118—119° (Found: C, 78-1; H, 8-3. Calc. for C,,H,,O,: C, 78-7; H, 8-2%). No depression 
of m. p. was observed on admixture with the ketone obtained by the method of Robinson and 
Walker (J., 1936, 747; 1938, 183). 

5-H ydroxy-14-methoxy-3-methyl-1 :2:3:4:5:6:7:8:9: 10: 11: 18-dodecahydrochrysene 
(VI).—A_ solution of 1-keto-7-methoxy-2-methyl-l1 :2:3:4:9: 10:11: 12-octahydrophen- 
anthrene (2-1 g.) in ether (70 c.c.) was added to an excess of the well-stirred Grignard re- 
agent made from A’-butenyl bromide (3 g.) and magnesium (0-58 g.) in dry ether (40 c.c.). 
The product, isolated as previously described, was a brownish, viscous oil (some low-boiling 
components were removed by distillation) ; it was cyclised with a mixture of acetic acid, sulphuric 
acid, and acetic anhydride (cf. Linstead et al., loc. cit.), and the isolated acetate was hydrolysed 
with a solution of potassium hydroxide (2-5 g.) in methyl alcohol (25 c.c.). Methyl alcohol was 
evaporated, and the product collected by means of ether. A solution of the viscous residue in 
methy] alcohol was kept in the ice-chest for 2 weeks. The solid (0-5 g.) that separated crystallised 
from methyl alcohol in colourless leaflets, m. p. 161—168° (Found: C, 79-7; H, 9-4. Cy 9H,,O0, 
requires C, 80-0; H, 9:3%). The p-nitrobenzoate (pyridine method) crystallised from alcohol 
as a pale yellow powder, m. p. 239°. 

2-Keto-4-furyl-10-methyl-A***-octalin (III).—A sodio-derivative was prepared from 2-methyl- 
cyclohexanone (20 g.) and sodamide (7 g.) in dry ether (250 c.c.), the ammonia produced being 
removed in a stream of dry nitrogen. - Furfurylideneacetone (24-3 g.) (Organic Syntheses, 7, 
42), dissolved in dry ether (100 c.c.), was then added gradually during 2 hours with vigorous 
stirring and cooling in ice-water. After 12 hours, water and ether were added, and the ethereal 
layer was shaken quickly with dilute sulphuric acid, washed, and dried. The residue, after 
removal of the solvent, was distilled and yielded 2-methylcyclohexanone (3 g.), and then a 
fraction, b. p. 160—170°/0-5 mm., which redistilled (17 g.) as a pale yellow, very viscous oil 
that could not be induced to crystallise (Found: C, 77-9; H, 7-9. C,;H,,O, requires C, 78-3; 
H, 78%). 

2-Keto-4-furyl-10-methyldecalin.—The foregoing compound (15 g.), methyl alcohol (150 c.c.), 
and palladium-strontium carbonate catalyst (10 g. of 2%) were shaken under hydrogen (1-5 
atms.). Absorption of the gas (1 mol.) was complete in } hour. After filtration and removal 
of solvent, the residue distilled as a pale yellow oil, b. p. 160—161°/0-4 mm. The decalone 
(14-6 g.) was treated with semicarbazide hydrochloride (9 g.) and sodium acetate (14-6 g.) in 
aqueous alcoholic solution. The semicarbazone crystallised from butyl alcohol in colourless 
prisms, m. p. 126° (Found: C, 66-6; H, 8-0. C,,H,;0,N; requires C, 66-4; H, 8-0%), sparingly 
soluble in methyl and ethyl alcohols. 

1-Furyl-9-methyldecalin (IV).—The above semicarbazone (5 g.) was heated in a sealed tube 
with sodium ethoxide (3 g.) in alcohol (12 c.c.) at 180° for 18 hours. The isolated product 
distilled over sodium as a colourless, mobile oil (1-9 g.), b. p. 122—124°/0-4 mm. (Found: C, 
82-5; H, 10-0. C,,;H,,O requires C, 82-6; H, 10-1%). A second fraction was a viscous yellow 
oil (1 g.), b. p. 155—160°/0-4 mm., which did not react with Brady’s reagent and did not form a 
semicarbazone. 

9-Methyldecalin-1-carboxylic Acid (V).—A mixture of furylmethyldecalin (8 g.), ethyl alcohol 
(80 c.c.), and hydrochloric acid (23 g., d 1-16) was refluxed for 20 hours, and the alcohol then 
removed by distillation, finally under diminished pressure. Concentrated hydrochloric acid 
(36 c.c.), acetic acid (36 c.c.), and water (72 c.c.) were added to the residue, and the whole 
refluxed (oil-bath) for 8 hours. The aqueous solution was then decanted from the oil (reaction 
with 2: 4-dinitrophenylhydrazine), which was oxidised by addition of saturated aqueous 
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potassium permanganate to an acetone solution until decoloration of the permanganate became 
slow at the b. p. oftheliquid. The red, viscous residue obtained by evaporation of the decolorised 
and filtered solution was triturated with aqueous sodium carbonate; the acid set free on acidific- 
ation of the extract crystallised from dilute acetic acid (charcoal) in colourless prisms, m. p. 
164° (yield, 25%) (Found: C, 73-1; H, 10-1. C,,H,,O, requires C, 73-4; H, 10-2%). 
6-Keto-14-methoxy-4-furyl-3-methyl-1 :2:3:4:5:6:9:10: 11: 18-decahydrochrysene (1).— 
A mixture of ketomethoxymethyloctahydrophenanthrene (3-1 g.), sodamide (0-5 g.), and dry 
ether (100 c.c.) was refluxed for 10 hours in a stream of dry nitrogen. Furfurylideneacetone 
(1-7 g.) in ether (25 c.c.) was added dropwise with vigorous stirring and cooling in ice-water 
during 3 hours. A dark reddish, non-crystalline substance separated from the mixture, which 
was kept for 12 hours. Water and ether were then added, the ethereal extract washed and dried, 
and the ether removed. The viscous residue was rubbed with methy] alcohol and the light yellow 
substance that separated was crystallised from methyl alcohol. It formed almost colourless 
prisms, m. p. 172° (Found: C, 80-0; H, 6-8. C,,H,,O, requires C, 79-6; H, 7-2%). 
Note.—Ethyl $-2-methoxy-6-naphthoylpropionate gave no new products in attempted 
Reformatzky reactions with ethyl «-bromopropionate and ethyl a-bromosuccinate. 
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80. Nitrous Acid as a Nitrating and Oxidising Agent. Part IV. 
N-Dialkylanilines. 


By HERBERT H. Hopcson and DONALD E. NICHOLSON. 


The action of excess of nitrous acid on dimethyl-, diethyl-, methylethyl-, benzyl- 
methyl-, and benzylethyl-aniline has been investigated in two different concentrations 
of hydrochloric acid at 0°. Dimethylaniline was found to undergo p-nitrosation and 
p-nitration simultaneously and, on keeping, N-nitroso-4-nitromonomethylaniline 
was formed together with a little 2: 5-dinitromonomethylaniline, which indicated 
some m-nitration also; diethylaniline was completely converted into N-nitroso-4-nitro- 
monoethylaniline; methylethylaniline gave a mixture of N-nitroso-4-nitromethyl- 
and N-nitroso-4-nitroethyl-aniline, the former greatly predominating; benzylmethyl- 
aniline was nitrated to form a mixture of 4-nitro- and 2 : 4-dinitro-benzylmethylaniline 
initially, but further contact with excess of nitrous acid changed 4-nitrobenzylmethyl- 
aniline into a mixture of mainly 2 : 4-dinitrobenzylmethylaniline and a little N-nitroso- 
4-nitrobenzylaniline; benzylethylaniline was converted into N-nitroso-4-nitrobenzyl- 
aniline. In no instance was the benzyl group expelled by nitrous acid and in all cases 
the ethyl group was much more readily eliminated than the methyl group. 

Conditions necessary for the preparation in good yield of pure p-nitrosodimethyl- 
aniline hydrochloride are described. 


THE preparation of p-nitrosodimethylaniline hydrochloride by standard textbook methods 
(cf. Thorpe and Linstead, ‘‘ The Synthetic Dyestuffs,’ 1933, p. 330) requires very careful 
attention to the directions given, otherwise the resulting compound will be contaminated 
with by-products, principally #-nitrodimethylaniline and N-nitroso-4-nitromethylaniline. 
The main precautions to be observed are: (1) the sodium nitrite, which should not exceed 
the theoretical quantity required for nitrosation, must be added gradually at ca. 0°, and 
(2) the concentration of the hydrochloric acid used should be such that p-nitrosodimethyl- 
aniline hydrochloride is insoluble in it and is therefore precipitated as soon as formed. 

In view of the large amount of work published on abnormal reactions between nitrous 
acid and f-substituted tertiary aromatic amines (see papers by Reade and collaborators 
for bibliography) it appeared of interest to study the behaviour of dimethylaniline and 
some of its homologues towards nitrous acid in excess. Two reaction conditions in hydro- 
chloric acid solution have been investigated at 0°: (a) in ca. 5% and (bd) in 15—16% 
solution, and in (a) with twice, and in (6) with five times, the amount of sodium nitrite 
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required for nitrosation. To exaggerate the conditions still further, the sodium nitrite 
was added as a finely powdered solid and not in solution, but at such a rate that the temper- 
ature could be maintained in the vicinity of 0° by external cooling and a little floating ice. 
The results were as follows : 

(1) With dimethylaniline, in both (a) and (6), a mixture of #-nitrosodimethylaniline 
hydrochloride and #-nitrodimethylaniline in the ratio of ca. 3: 1 was precipitated. The 
filtrate from this mixture, if neutralised immediately, gave a precipitate from (a) of pure 
p-nitrosodimethylaniline and from (b) of a mixture of mainly #-nitrosodimethylaniline 
with a little N-nitroso-4-nitromonomethylaniline. If, however, the filtrates from (a) and 
(b) were kept overnight, most of the p-nitrosodimethylaniline was converted into N-nitroso- 
4-nitromonomethylaniline; the conversion was complete after a further 24 hours. In 
addition, 2 : 5-dinitromonomethylaniline was formed in small quantity together with a 
still smaller amount of a trinitrated product. No variations of dilution prevented the form- 
ation of #-nitrodimethylaniline, provided that sodium nitrite was in excess, and at 30° 
and 70° it was formed even when slightly less than the theoretical quantity of sodium 
nitrite required for nitrosation was used. 

The above experiments indicate that p-nitrosation and #-nitration are simultaneous 
initial reactions and that m-nitration also occurs, since the formation of 2: 5-dinitro- 
monomethylaniline could not be explained otherwise. The formation of nitric acid from 
nitrous acid by the powerful anionoid influence of the dimethylamino-group has been 
explained by Hodgson and Kershaw (J., 1930, 277) on the basis of current electronic theory, 
and the product of the action of nitrous acid on dimethyl-p-toluidine is mainly 2-nitro- 
4-methyldimethylaniline. 

When the #-position to the dialkylamino-group, however, is free, the following modific- 
ation is suggested: In hydrochloric acid solution there will be the dynamic equilibrium, 


Ph-NMe, + HCl == Ph:NMe,HICl, and the anionoid activity of the p-carbon atom will 
vary in different molecules from zero to a maximum in the free dimethylaniline; the 





nitric acid formed at the ~-position due to relay of the anionoid effect by the conjugated 
chain will then nitrate the base to form -nitrodimethylaniline. As the anionoid character 
of the p-carbon atom decreases in molecules which are approaching salt formation, so will 
nitration become impossible and nitrosation will occur until finally the actual salt molecules 
will remain inert. In this connection it is of interest to recall the action of nitrous acid 
on ~-iododimethylaniline (Aitken and Reade, J., 1926, 1896), in which the products are 
p-nitrodimethylaniline and 4-iodo-2-nitrodimethylaniline. Here the iodine in the most 
intense anionoid phase has contributed its positive electromeric (or mesomeric) effect and, 
becoming sufficiently kationoid thereby, has been displaced as hypoiodous acid by the 
more strongly kationoid nascent nitric acid. In the less intense anionoid phases, nitration 
has occurred in position 2, as in the case of dimethyl-p-toluidine (Hodgson and Kershaw, 
loc. cit.). The fact that nitric acid at the same dilution cannot nitrate either dimethyl- 
p-toluidine or dimethylaniline is due to its being fully ionised, whereas the mainly un-ionised 
but polarised nitrous acid is attracted to the activated o- or f-carbon atom and oxidised 
there within the reaction zone by a neighbouring but more kationoid nitrous acid molecule. 

As shown by Hodgson and Smith (J., 1931, 1508), nitrous acid reacts with -nitroso- 
dimethylaniline hydrochloride in hydrochloric acid to form N-nitroso-4-nitromonomethyl- 
aniline, and the formation of this product when the filtrates in (a) and (b) are kept overnight 
confirms the previous work. The mechanism of this reaction may tentatively be visualised 
as an initial attack on the anionoid nitrogen of the dimethylamino-group by the kationoid 
nitrous acid with expulsion of the methyl group as methyl alcohol [subsequently to be 
oxidised to formaldehyde (cf. Crowley, Milton, Reade, and Todd, J., 1940, 1286)] and its 
replacement by the nitroso-group. The latter prevents salt formation and thereby enables 
transmission of anionoid activity to the p-carbon atom, with subsequent oxidation of the 
nitroso-group there by the more kationoid nitrous acid, the reaction almost corresponding 
to a two-point attack by nitrous acid, since formation of N-nitroso-4-nitrosomonomethy]l- 
aniline was never observed. 

The presence of 2 : 5-dinitromonomethylaniline in the filtrate when kept overnight is 
readily explained on the assumption of m-nitration of the dimethylaniline hydrochloride 
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(since treatment of dimethylaniline in sulphuric acid with nitric acid gives a mixture of 
3- and 4-nitrodimethylanilines), followed by the nitro-N-nitrosation process, which owing 
to deactivation of the 4-position by the 3-nitro-group will be directed to form 2 : 5-dinitro- 
N-nitrosomonomethylaniline (cf. Macmillan and Reade, J., 1929, 2863), and finally the 
expulsion of the N-nitroso-group, either by the great excess of hydrochloric acid present 
or in the manipulation necessary for the isolation of the compound. 

When #-nitrodimethylaniline is submitted to the drastic conditions of (b), it is converted 
mainly into N-nitroso-4-nitromonomethylaniline (Macmillan and Reade, loc. cit.), although 
a small amount of 2 : 4-dinitrodimethylaniline is also formed. Here the nitrous acid has 
behaved normally and caused nitration in position 2. 

(2) With monomethylaniline, procedures (a) and (6) both gave N-nitrosomethylaniline 
initially, which on standing was slowly converted into N-nitroso-4-nitromonomethylaniline, 
in (a) partially, and in (0) ultimately in theoretical yield. 

(3) With diethylaniline, which does not form a hydrochloride insoluble in hydro- 
chforic acid, a precipitate of N-nitroso-4-nitromonoethylaniline formed almost immediately 
in both (a) and (b), and this compound continued to be precipitated until the whole of 
the diethylaniline had been transformed. In (a) immediate neutralisation of the filtrate 
from the first precipitate (removed after 10 minutes) gave practically pure p-nitrosodiethyl- 
aniline, whereas the corresponding filtrate in (b) yielded a mixture of -nitrosodiethyl- 
aniline and N-nitroso-4-nitromonoethylaniline, showing that under the more drastic 
conditions of (b) the nitrous acid had made a two-point attack (see above) on the -nitroso- 
diethylaniline initially formed. -Nitrodiethylaniline was not detected’ in any of the 
experiments, the stronger basic character of the diethylamino-group, compared with the 
dimethylamino-group, producing more salt-formation, with consequently a shorter period 
for diethylaniline to exist as the free base. 

(4) With monoethylaniline, the reaction appeared to take place in two stages, viz., 
the initial formation of N-nitrosoethylaniline, followed by #-nitration, which occurred 
slowly in (a) and more rapidly in (8). 

(5) With methylethylaniline, the reactions were slow in both (a) and (5), and p-nitroso- 
methylethylaniline was formed but remained in solution. On long standing, however, the 
final products were mixtures of N-nitroso-4-nitromonomethylaniline and N-nitroso-4-nitro- 
monoethylaniline. These experiments confirm the result of Crowley, Milton, Reade, 
and Todd (loc. cit.) that the ethyl group is more easily eliminated than the methyl group. 
The great difference in the reactivities of dimethylaniline and diethylaniline towards nitrous 
acid is further evidence of the readier elimination of the ethyl group. 

(6) With benzylmethylaniline and benzylethylaniline, the rates of precipitation were 
slower than in the cases of dimethyl- and diethyl-aniline. Benzylethylaniline, which 
reacted the faster of the two, was entirely converted under both conditions (a) and (bd) 
into N-nitroso-4-nitrobenzylaniline. Benzylmethylaniline in (a) gave entirely -nitro- 
benzylmethylaniline, but in (6) this compound was accompanied by 2: 4-dinitrobenzyl- 
methylaniline. Benzylmethylaniline was therefore nitrated and not nitrosated by nitrous 
acid, and group expulsion was not detected, showing that the nitration process in the form- 
ation of N-nitroso-4-nitroalkylaniline in previous cases was bound up with #-nitrosation 
and in the dialkylanilines with group elimination. 

When #-nitrobenzylmethylaniline was submitted a second time to the conditions of (5), 
the main product was 2 : 4-dinitrobenzylmethylaniline, but a small amount of N-nitroso- 
4-nitrobenzylaniline was formed, showing that of the two groups the methyl was more 
readily expelled than the benzyl group. The ease of group elimination by nitrous acid is 
thus in the order: ethyl > methyl > benzyl. 

It is noteworthy that, whereas p-nitrobenzylmethylaniline resists the action of boiling 
concentrated hydrochloric acid, 2 : 4-dinitrobenzylmethylaniline is thereby transformed into 
2 : 4-dinitromonomethylaniline. 

Finally, it is remarkable that, whereas p-nitrobenzylmethylaniline has m. p. 70°, the 
m. p. of the much lighter molecule #-nitrodimethylaniline is 163°. This outstanding 
difference is probably also related to the fact that the former compound is very soluble 
in cold ether, whereas the Jatter is almost insoluble. Jt would seem that p-nitrodimethy]- 
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aniline is a highly polarised molecule compared with its benzylmethyl and diethyl (m. p. 
78°) homologues. 


EXPERIMENTAL. 


General Procedure.—Solutions and in some cases suspensions of the amine (4 c.c.) in (a) 
hydrochloric acid (20 c.c., d 1-16) and water (100 c.c.), and in (6) hydrochloric acid (50 c.c., 
d 1-16) and water (50 c.c.), were treated at 0° with finely powdered sodium nitrite [4 g. in (a) 
and 10 g. in (b)], added at such a rate as to keep the temperature in the vicinity of 0° (external 
cooling). The solids which separated (sometimes almost immediately and sometimes during 
1 hour) were removed. The filtrates were tested immediately by neutralisation of a portion 
for nitrosation products; the remainder was kept overnight or, if necessary, for several days. 
The individual cases are described below. All the analytical data were obtained by micro- 
analysis. , 

Monomethylaniline.—(a) The initial product was N-nitrosomethylaniline, which separated 
as an oil. A trace of N-nitroso-4-nitromonomethylaniline, which was detected after a week, 
crystallised from methyl alcohol in yellow needles, m. p. 104° (Found: N, 23-3. Calc.: 
N, 23-2%). 

(6) During the first day, only N-nitrosomethylaniline separated, but after 3 days the whole 
of the original monomethylaniline was converted into N-nitroso-4-nitromonomethylaniline ; 
yellow needles from methyl alcohol, m. p. 104° (Found: N, 23-3%). The final filtrate gave no 
precipitate with alkali. 

Dimethylaniline.—(a) On addition of the finely powdered sodium nitrite, the mixture 
assumed a deep orange-red colour, and copious precipitation almost immediately ensued. 
After 10 minutes, the precipitate, which was a mixture of p-nitrosodimethylaniline hydro- 
chloride and #-nitrodimethylaniline, was filtered off and washed with cold water until all 
the -nitrosodimethylaniline hydrochloride had dissolved. The insoluble -nitrodimethyl- 
aniline (ca. 1 g.) crystallised from 50% aqueous ethyl alcohol in bright yellow parallelepipeds, 
m. p. and mixed m. p. with an authentic specimen 163° (Found: N, 17-0. Calc.: 
N, 168%). The combined aqueous washings above, when neutralised, gave a precipitate 
of p-nitrosodimethylaniline (1-5—2-0 g.), which crystallised from 50% aqueous ethyl alcohol 
in green needles, m. p. 85° (lit., m. p. 85°) (Found: N, 18-7. Calc.: N, 18-6%). The initial 
filtrate above, when neutralised immediately, gave mainly p-nitrosodimethylaniline mixed 
with small amounts of N-nitroso-4-nitromonomethylaniline, but, if kept overnight, almost 
the whole of the dissolved matter separated in light orange-coloured crystals. The latter 
dissolved almost entirely in hot methyl alcohol, from which, on cooling, N-nitroso-4-nitro- 
monomethylaniline separated in bright yellow parallelepipeds, m. p. 104° (Found: N, 23-3%). 
The small red residue was boiled with ethyl alcohol; the solution, on cooling, deposited red 
needles of 2 : 5-dinitromonomethylaniline, m. p. 164° (Macmillan and Reade, J., 1929, 2863, 
give m. p. 163°) [depressed by 2 : 5-dinitrodimethylaniline (m. p. 112°), 3 : 4-dinitrodimethyl- 
aniline (m. p. 176°), 2 : 4-dinitromonomethylaniline (m. p. 176°), 4-nitrodimethylaniline (m. p. 
163°), and 2: 4-dinitrodimethylaniline (m. p. 87°)] (Found: N, 21-4. Calc.: N, 21-3%). 
The final residue separated from boiling glacial acetic acid in scarlet crystals, m. p. ca. 200° 
(Found : N, 22-1. Calc. for a trinitrodimethylaniline : N, 21-9%), but was too small for further 
investigation. , 

An experiment carried out with dimethylaniline (2 c.c.), sodium nitrite (2 g.), hydrochloric 
acid (20 c.c., d 1:16), and water (200 c.c.), afforded immediate precipitation of p-nitrodimethyl- 
aniline (ca. 0-1 g.), but p-nitrosodimethylaniline hydrochloride did not separate, this product 
being now retained in solution. 

(b) The initial precipitate (ca. 3 g.) was filtered off after 1 hour. It consisted of p-nitrosodi- 
methylaniline hydrochloride, which was removed by cold water as in (a), together with water- 
insoluble N-nitroso-4-nitromonomethylaniline, which crystallised from methyl alcohol in yellow 
needles, m. p. 104° (Found : N, 23-3%). There was no p-nitrodimethylaniline in the precipitate, 
the whole of it dissolving readily in cold methyl alcohol. The neutralised aqueous washings 
yielded p-nitrosodimethylaniline (ca. 1-5—2-0 g.) in various experiments, and the initial filtrate, 
when kept overnight, deposited most of its dissolved matter as N-nitroso-4-nitromonomethyl- 
aniline and all of it as such after 3 days. A little 2 : 5-dinitromonomethylaniline also present 
was identified as under (a). 

All the samples of N-nitroso-4-nitromonomethylaniline obtained in the various experiments 
above were separately denitrosated by warming with dilute sulphuric acid and urea (cf. Macmillan 
and Reade, J., 1929, 585) and yielded 4-nitromonomethylaniline, which crystallised from 
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boiling methyl alcohol in orange-brown hexagonal plates, m. p. and mixed m. p. 152°, with 
correct analyses for nitrogen (Meldola and Salmon, J., 1888, 53, 775, give m. p. 152°). 

Further experiments. When a deficiency of sodium nitrite was used in either (a) or (5), 
p-nitrosodimethylaniline hydrochloride appeared to be the sole product. Also, when sodium 
nitrate was used instead of sodium nitrite in (a) and (b), no immediate reaction occurred. 

Preparation of pure p-nitrosodimethylaniline hydrochloride. When dimethylaniline (8 g.), 
dissolved in hydrochloric acid (50 c.c., d 1-16), was treated with ice (50 g.) and then with a 
solution of sodium nitrite (3-5 g.; the equivalent is 4-7 g.) in water (10 c.c.), an orange-red solid 
separated after 4 minutes’ stirring. It was entirely soluble in cold water, leaving no residue of 
p-nitrodimethylaniline or of N-nitroso-4-nitromonomethylaniline. The initial filtrate, when 
neutralised, afforded only a trace of p-nitrosodimethylaniline, so the whole of the nitrosation 
product was precipitated as pure p-nitrosodimethylaniline hydrochloride. 

Nitration of p-nitrodimethylaniline by nitrous acid. A well-stirred mixture of p-nitrodi- 
methylaniline (1 g.), hydrochloric acid (20 c.c., d 1-16), and water (20 c.c.) was treated with finely 
powdered sodium nitrite (5 g.) and kept overnight. The solid which had separated was extracted 
with 50% alcohol to remove the N-nitroso-4-nitromonomethylaniline which constituted the 
major portion of the product; the small residue crystallised from alcohol in bright yellow 
hexagonal plates, m. p. 87° (van Romburgh, Proc. K. Akad. Wetensch. Amsterdam, 1911, 13, 
820, gives m. p. 87°), identical with the product obtained by the action of dimethylamine on 
1-chloro-2 : 4-dinitrobenzene. 2 : 5-Dinitromonomethylaniline was not detected. 

Monoethylaniline.—(a) An oily separation of N-nitrosoethylaniline first appeared and 
only after several days’ keeping was N-nitroso-4-nitroethylaniline formed. This compound 
crystallised from methyl alcohol in yellow parallelepipeds, m. p. 120° (Baillie and Tafel, Ber., 
1899, 32, 72, and Baudisch, Ber., 1906, 39, 4297, give m. p. 119—120°) (Found: N, 21-6. 
Calc.: N, 215%). 

(6) An almost immediate separation of N-nitroso-4-nitroethylaniline occurred mixed with a 
little oily N-nitrosoethylaniline. 

Diethylaniline.—(a) On addition of the sodium nitrite, the solution became deep orange- 
red. A small precipitate of N-nitroso-4-nitroethylaniline, filtered off after 15 minutes and 
washed with water (the washings showed that p-nitrosodiethylaniline hydrochloride had not 
been precipitated), crystallised from methyl alcohol in yellow parallelepipeds, m. p. 120° 
(Found: N, 21-6. Calc.: N, 215%). The initial filtrate, when rendered alkaline im- 
mediately, gave a precipitate (ca. 4-0 g.) of p-nitrosodiethylaniline, which crystallised from 
methyl alcohol in green needles, m. p. 85° (lit., m. p. 84°) (Found: N, 15-8. Calc.: N, 157%). 
If the initial filtrate, however, was kept and filtered every 2 hours, N-nitroso-4-nitroethyl- 
aniline was continuously precipitated until a quantitative yield was obtained. It gave the 
Liebermann nitroso-reaction. When it was heated with 50% sulphuric acid and urea (cf. 
Macmillan and Reade, loc. cit.), and the solution neutralised, 4-nitroethylaniline was obtained, 
which crystallised from 50% acetic acid in long yellow parallelepipeds, m. p. 96° (Weller, Ber., 
1883, 16, 31, gives m. p. 95°) (Found: N, 17-0. Calc.: N, 16-8%). 

(b) The initial precipitate (1-5 g.) of N-nitroso-4-nitroethylaniline filtered off after 15 minutes 
was practically pure. The filtrate, when immediately neutralised, gave a mixture of p-nitroso- 
diethylaniline and N-nitroso-4-nitroethylaniline. If, however, this filtrate was kept overnight, 
the whole of its dissolved matter was converted into N-nitroso-4-nitroethylaniline. 

When p-nitrosodiethylaniline (2 g.) was suspended in a solution of hydrochloric acid (25 c.c., 
d 1-16) and water (25 c.c.) at 0°, treated with finely powdered sodium nitrite (5 g.), and left 
overnight, it was converted entirely into N-nitroso-4-nitroethylaniline. 

Methylethylaniline.—(a) During the first 2 hours of reaction, very moderate precipitation 
took place of a solid, insoluble in water, which crystallised from 50% aqueous alcohol in yellow 
plates, m. p. ca. 70° (Found: N, 22-4%), and gave the Liebermann nitroso-reaction. If the 
filtrate was neutralised immediately and the oily precipitate dissolved in hot aqueous methyl 
alcohol, on cooling, p-nitvosomethylethylaniline separated in yellowish-green leaflets, m. p. 
69° (Found: N, 17-1. C,H,,ON, requires N, 17:0%). If, however, the filtrate was kept 
overnight, the dissolved matter was entirely precipitated and it then crystallised from 50% 
aqueous ethyl alcohol in yellow needles and flat parallelepipeds, m. p. 88—89° (Found: N, 
22-9%). The products from various experiments all corresponded in nitrogen content to 
mixtures of N-nitroso-4-nitromethylaniline and N-nitroso-4-nitroethylaniline, and from the 
thermal analytical data of Crowley, Milton, Reade, and Todd (loc. cit.), the mixture would 
appear to consist of ca. 83% of the methyl and ca. 17% of the ethyl homologue. 

(b) The precipitation, though slow, occurred earlier than in (a); the product crystallised 
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from methyl alcohol in yellow needles, m. p. 81° (Found: N, 22-7%), corresponding to ca. 
71% of N-nitroso-4-nitromethyl- and 29% of N-nitroso-4-nitroethyl-aniline. If the initial 
filtrate was kept for 2 days, the whole of its dissolved matter was precipitated; in a typical 
case the crude product (m. p. ca. 119°) partly dissolved in methyl alcohol and separated there- 
from in yellow needles, m. p. 140—155°; the residue of spear-like needles had m. p. 174° and 
its nitrogen content (Found: N, 25-2%) indicated that it was a mixture of more highly nitrated 
compounds. 

Benzylmethylaniline.—(a) Owing to the sparing solubility of this amine in hydrochloric 
acid, it (4 c.c.) was first dissolved in glacial acetic acid (15 c.c.); hydrochloric acid (20 c.c., 
d 1-16) was then added, and finally water (50 c.c.) drop by drop until a turbidity was just 
apparent. Sodium nitrite (4 g.) was next added rapidly at 0°; the mixture became deep red, 
and after 1 hour a greenish crystalline precipitate (ca. 1 g.) of 4-nitrobenzylmethylaniline was 
filtered off. This compound was very soluble in cold ether, methyl alcohol, and hot 50% 
acetic acid but less soluble in cold light petroleum, though it dissolved in the boiling solvent ; 
from all of them it separated in long, slender, greenish-yellow parallelepipeds or needles, m. p. 
70° (Meldola and Hollely, J., 1915, 107, 619, give m. p. 68—69°) (Found: N, 11-7. Calc.: 
N, 11-6%). It was stable towards boiling 2N-sodium hydroxide and boiling hydrochloric acid 
(d 1-16). The initial filtrate, when kept, continued to deposit 4-nitrobenzylmethylaniline 
until the whole of the original benzylmethylaniline had been converted, but, if neutralised 
at an earlier stage, a mixture of unchanged benzylmethylaniline and its 4-nitro-derivative was 
precipitated. 

(b) Benzylmethylaniline (4 c.c.) was dissolved in glacial acetic acid (15 c.c.) and hydro- 
chloric acid (50 c.c., d 1-16), water (50 c.c.), and sodium nitrite (10 g.) were added at 0°. Again 
a slow reaction occurred, and precipitates were collected at intervals, the first after 3 hours 
and the last after keeping overnight. These were all treated with cold ether: the first pre- 
cipitate partly dissolved, the intermediate ones were completely soluble, and the overnight 
separation was almost insoluble. The soluble products were all 4-nitrobenzylmethylaniline, 
m p. 70° (correct nitrogen content). The ether-insoluble products, which were identical 
(mixed m. p.), crystallised from methyl alcohol, in which they were sparingly soluble, in starlike 
clusters of thick greenish-yellow parallelepipeds or slender yellow prisms of 2 : 4-dinitrobenzyl- 
methylaniline, m. p. 144° (Mulder, Rec. Trav. chim., 1906, 25, 109, gives m. p. 143—144°) (Found : 
N, 14-7. Calc.: N, 14.6%). This compound was stable towards boiling 2N-sodium hydroxide, 
but dissolved in boiling concentrated hydrochloric acid with evolution of benzyl chloride; 
the solution on dilution with water and subsequent neutralisation gave a precipitate of 2 : 4-di- 
nitromonomethylaniline, which crystallised from alcohol in short, yellow, rectangular prisms, 
m. p. and mixed m. p. with an authentic specimen 176° (Found: N, 21-4. Calc.: N, 21-3%). 

The action of nitrous acid on 4-nitrobenzylmethylaniline. A mixture of the amine (1 g.), 
hydrochloric acid (20 c.c., d 1-16), and water (20 c.c.) was shaken at 0° with solid sodium nitrite 
(5 g.) and kept overnight. The separated solid (m. p. 116°) was partly soluble in boiling 50% 
aqueous ethyl alcohol, from which N-nitroso-4-nitrobenzylaniline separated on cooling (m. p. 
96°); recrystallised from boiling 50% acetic acid, it formed pale straw-yellow, spear-like 
crystals, m. p. 108° (Found: N, 16-6. Calc.: N, 16-4%). The m. p. was depressed by 
N-njitroso-4-nitromethylaniline. The residue crystallised from ethyl alcohol or aqueous acetic 
acid in slender greenish-yellow prisms, m. p. 144° (Found: N, 14:7%), identical with the 
compound obtained previously and was converted by boiling hydrochloric acid into 2: 4-di- 
nitromonomethylaniline. 

Benzylethylaniline.—(a) and (b). The rate of precipitation was greater than in the case 
of benzylmethylaniline, and the sole product formed in both cases was N-nitroso-4-nitrobenzyl- 
aniline, which crystallised from boiling 50% acetic acid in pale straw-yellow, spear-like crystals, 
m. p. 108° (Meldola and Streatfeild, Ber., 1886, 19, 3250, give m. p. 107-5°) (Found: N, 16-6. 
Calc.: N, 164%). 


The authors thank Imperial Chemical Industries (Dyestuffs) Ltd. for various gifts. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, February 26th, 1941.] 








476 Clemo and Hoggarth : 


81. 5-Ethinylruban-5-ol and Related Compounds. 
By G. R. CLEMo and E. HoGGARTH. 


5-Ethinylruban-5-ol has been prepared by condensation of 5-ketoruban with 
acetylene and reduced to 5-ethylruban-5-ol. Some new and related compounds are 
also described. 


SINCE 5-vinylruban-5-ol would be not only isomeric with but very closely related, structur- 

ally, to cinchonine, its preparation as an antimalarial drug was considered desirable. 

5-Ketoruban (I) (J., 1939, 1241) was condensed with acetylene in the presence of sodamide 

4 or, better, by the use of a solution of potassium in ¢ert.-amyl 

H alcohol as described by Gould and Thompson (J. Amer. Chem. 

r J \s hs Soc., 1935, 57, 340). 5-Ethinylruban-5-ol was obtained as a 

O CH; He well-defined crystalline solid in good yield. The catalytic 

°CH.—CH CH, CH reduction of this compound was studied in a micro-apparatus 

: 2 52 modelled on that of Jackson (J. Soc. Chem. Ind., 1938, 57, 96). 

oe I * At atmospheric pressure and temperature in the presence of 

4 ) 1 palladised charcoal or platinum, 5-ethinylruban-5-ol absorbed 

A y, (L.) two moles of hydrogen, giving 5-ethylruban-5-ol. The ab- 

<f ; sorption took place very rapidly and there was no observable 

change in the rate, corresponding to reduction to the vinyl stage. 

No definite compound was isolated from the resinous product obtained when hydrogenation 

was stopped after the theoretical volume calculated for reduction to the vinyl compound 

had been absorbed. 

5-Keto-6 : 9-rubanene also was condensed with acetylene; the product rapidly absorbed 

two moles of hydrogen, yielding the compound previously obtained by the action of ethyl- 

magnesium iodide on this unsaturated ketone. Similarly, 3-keto-quinuclidine gave 

3-hydroxy-3-ethinylquinuclidine, which was smoothly hydrogenated to 3-hydroxy-3-ethyl- 

quinuclidine. The latter compound was also prepared by the action of ethylmagnesium 

iodide on 3-ketoquinuclidine, but attempts to convert this into 3-ethylquinuclidine (Koenigs, 
Ber., 1904, 37, 3244; 1905, 38, 3055) by dehydration and reduction have so far failed. 


EXPERIMENTAL. 


5-Ethinylruban-5-ol.—5-Ketoruban (0-5 g.), in a mixture of dry ether (10 c.c.) and éert.-amyl 
alcohol (5 c.c.), and a solution of potassium (0-5 g.) in éert.-amyl alcohol (15 c.c.) were simul- 
taneously dropped during 2 hours into ether (20 c.c.) saturated with pure acetylene at — 15°; 
acetylene was passed with stirring during this period and for a further 12—14 hours, and the 
temperature was maintained at — 15° throughout. The potassium compound was decomposed 
by the cautious addition of ice and acetic acid, the solution evaporated under reduced pressure, 
the residue dissolved in a little hydrochloric acid and boiled with active charcoal, and the 


filtrate basified with potassium carbonate solution. The solid which separated was collected, 


washed with water, and dried; it crystallised from ether—ethy]l acetate in large colourless prisms 
(0-38 g.), m. p. 213°, insoluble in water but very soluble in alcohol or benzene (Found: C, 
77-7; H, 6-7. CygH,ON, requires C, 78-1; H,6-9%). The mercury compound of 5-ethinylruban- 
5-ol, prepared by Johnson and McEwen’s process (J. Amer. Chem. Soc., 1926, 48, 471), formed 
small yellowish needles, m. p. 220° (darkening at 170°). 

Reduction of 5-Ethinylruban-5-ol to 5-Ethylruban-5-ol.—The above acetylenic derivative 
(0-138 g.) was shaken with acetic acid (10c.c.) and reduced platinum catalyst (0-02 g.) in hydrogen 
at atmospheric pressure. A rapid absorption of hydrogen was observed for 20 minutes (23-4 c.c., 
reduced to N.T.P. Calc. for 1 triple bond, 21-03 c.c.) and there was no further contraction during 
2hours. The filtered solution was basified (potassium carbonate) and the gum which separated 
was allowed to harden in the refrigerator, collected, washed with water, and crystallised from 
ethyl acetate-light petroleum (b. p. 60—80°); it formed small colourless prisms (0-05 g.), 
m. p. 138—139°, not depressed by admixture with 5-ethylruban-5-ol (Found: N, 9-7. Calc. for 
C,,H,ON,: N, 9-5%). 

Reaction of Acetylene with 5-Keto-6 : 9-rubanene.—By the same procedure 5-keto-6 : 9- 
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rubanene (0-5 g.) yielded a compound (0-35 g.), which crystallised from ethyl acetate in large, 
faintly yellow prisms, m. p. 238° (Found: C, 78-6; H, 6-5; N, 9-8. C,sH,,ON, requires C, 
78-6; H, 6-3; N, 9-6%). The mercury derivative was a yellowish crystalline powder, m. p. 
162° (decomp.). The picrate separated from alcohol as an oil which slowly solidified to a 
crystalline mass, m. p. 110—112°, but could not be purified. 

Reduction of the above acetylene compound. The above compound (0-237 g.), m. p. 238°, in 
acetic acid (15c.c.) was shaken with reduced platinum catalyst (0-02 g.) in hydrogen at atmospheric 
pressure. The contraction (35-1 c.c., reduced to N.T.P. Calc. for 2H,, 36-3 c.c.) took place 
smoothly during 25—30 minutes. The filtered solution was evaporated under reduced pressure, 
the residue dissolved in a little hydrochloric acid and boiled with active charcoal, and the 
filtrate basified (potassium carbonate). The oil which separated was dried in chloroform, the 
solvent evaporated, and the residue crystallised from light petroleum (b. p. 60—80°), forming 
colourless prisms (0-035 g.), m. p. 162°, identical with the compound obtained by the action of 
ethylmagnesium iodide on 5-keto-6:9-rubanene (Found: N, 9-6. Calc. for C,H,,ON,: 
N, 9-6%). 

3-Hydroxy-3-ethinylquinuchidine.—3-Ketoquinuclidine (0-35 g.) was condensed with acetylene 
in the presence of a solution of potassium (0-5 g.) in ¢ert.-amyl alcohol (15 c.c.) as previously 
described. The potassium compound was decomposed by the addition of ice and acetic acid, 
amyl alcohol removed in steam, and the residue basified (potassium carbonate) and extracted 
with chloroform. The residue from the evaporation of the dried extracts crystallised in large 
colourless prisms (0-15 g.), m. p. 159—160° (Found: C, 71-6; H, 8-8. C,H,,ON requires 
C, 71-5; H, 8-7%). The. picrate crystallised from benzene—alcohol in deep yellow needles, 
m. p. 153°, very soluble in alcohol, and apparently contained solvent of crystallisation. 

3-Hydroxy-3-ethylquinuclidine—Under the conditions described, 3-hydroxy-3-ethinyl- 
quinuclidine (0-130 g.) rapidly absorbed hydrogen corresponding to complete reduction of the 
triple bond (39-5 c.c. at N.T.P. Calc., 38-3 c.c.). The solution was filtered, acidified (con- 
centrated hydrochloric acid), and evaporated, the residue basified (potassium carbonate), 
and the base extracted with chloroform, dried, and distilled, giving 0-08 g. of a colourless oil, 
b. p. 97—101°/1 mm., identical with that obtained by the direct action of ethylmagnesium 
iodide on 3-ketoquinuclidine (below). The picrate crystallised in long yellow needles, m. p. 
178° (Found: C, 47-3; H, 5-5. C,H,,ON,C,H,O,N; requires C, 46-9;. H, 5-2%). 

3-Hydroxy-3-ethylquinuclidine.—A solution of 3-ketoquinuclidine (0-5 g.) in ether (265 c.c.) 
was slowly added to a purified Grignard solution, prepared from.magnesium (3 g.) and ethyl 
iodide (9 .c.c.) in ether (25 c.c.) cooled at — 10°. The thick greyish mixture was kept overnight 
in a refrigerator, decomposed with ice and acetic acid, and acidified (concentrated hydrochloric 
acid), and the ether removed. The aqueous liquid was evaporated, the residue basified (sodium 
hydroxide solution), and the liberated oil extracted with chloroform, dried, and distilled. The 
main fraction (b. p. 131—135°/25 mm.) was treated with light petroleum (b. p. 60—80°, 5 c.c.) 
and ether (2 c.c.) and kept overnight at 0°. The solid was collected and crystallised from light 
petroleum (b. p. 60—80°), forming colourless needles (0-08 g.), m. p. 113°, soluble in water (to 
an alkaline solution). The picrate of this compound separated from benzene-alcohol in deep 
yellow leaflets, m. p. 195° (Found: C, 46-95; H, 5-0%). Consistent molecular-weight de- 
terminations could not be made on this compound, but the values obtained (600—200) indicated 
that it was a polymer of 3-hydroxy-3-ethylquinuclidine (M, 155). The filtrate from the initial 
crystallisation of the above substance was distilled and gave 3-hydroxy-3-ethylquinuclidine 
as a thick, faintly yellow oil (0-3 g.), b. p. 98—100°/1 mm., which could not be crystallised 
(Found: C, 70-2; H, 11-2; N, 9-2. C,H,,ON requires C, 69-7; H, 11:0; N, 90%). The 
picrate separated from benzene in yellow needles, m. p. 175° (Found: C, 46-8; H, 5-4. Calc. 
for C,H,,ON,C,H,O,N,: C, 46-9; H, 5-2%). 
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82. The Pinacol—Pinacolone Rearrangement of Phenyl-substituted 
Benzopinacols. 


By H. H. Hatt, A. Pitcrim, and (Miss) E. F. M. STEPHENSON. 


The preparation and rearrangement of s.-di-o-phenylbenzopinacol and of s.-di-m- 
phenylbenzopinacol are described and the rearrangement of s.-di-p-phenylbenzopinacol 
has been re-examined. The migratory aptitudes of o-, m-, and p-diphenylyl groups 
relative to the phenyl group have been determined and are discussed. The values of 
the migratory aptitudes are influenced by the nature of the agent used to rearrange 
the pinacols. For these values to be comparable, the rearrangement must proceed 
quantitatively. The suitability of various rearranging agents is considered. Two 
isomeric hydrated forms of s.-di-o-phenylbenzopinacol have been isolated. o-, m-, 
and ~-Phenylbenzophenones have been submitted to alkaline fission and cleavage 
figures for these ketones are recorded. 


THE extensive investigations that have been made of rearrangements of tetra-arylpinacols 
have dealt little with the migration of polynuclear radicals. The a- and the $-naphthyl 
group have been compared with the phenyl group in symmetrical tetra-arylpinacols, but 
the results are not conclusive. The experiments of Bachmann and Shankland (J. Amer. 
Chem. Soc., 1929, 51, 306) and of Bergmann and Schuchardt (Annalen, 1931, 487, 225) 
show that both naphthyl groups migrate much more readily than the phenyl group and 
therefore possess large migratory aptitudes. The more exact information given by Bailar 
(J. Amer. Chem. Soc., 1930, 52, 3596) assigns to a-naphthyl a migratory aptitude of 35—250 
(Ph = 1) through comparison with p-anisyl, and of 14—17 through comparison with #-tolyl. 
An exact migratory aptitude for @-naphthyl is not available. Migita (Bull. Chem. Soc. 
Japan, 1932, 7, 377, 382) estimates it to be much less than that of -anisyl and a little 
greater than that of p-diphenylyl. This might mean a value of 5—6, but Migita’s methods 
for the determination of migratory aptitudes are unsatisfactory. It is reasonable to 
conclude that the a- and the $-naphthyl group have large migratory aptitudes and that 
in spite of greater steric opposition the «-naphthyl group has considerably the larger 
migratory aptitude. 

Shoppee pointed out in 1929 (see Baker, ‘‘ Tautomerism,”’ 1934, 308) that in the pinacol- 
pinacolone rearrangement, after the formation of the supposed intermediate (I), the sub- 
sequent migration of the aryl group, if the order of migratory aptitudes for aryl groups is to 
be explained, must take place, not, as was usually postulated, as an anion, but as a cation, 
with simultaneous migration of the electron pair it has shared. The migration appears 
to take place intramolecularly, and Ingold has re-interpreted the facts of the rearrangement 
by postulating as intermediate the mesomeric cation (II) (Ann. Reports, 1939, 36, 197). 
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The probability that the migrating group does not attain a free ionic condition, but 
migrates within the sphere of influence of the remainder of the molecule, suggests that the 
migratory aptitude would be increased by factors which enable the group to tolerate any 
partial polarisation of its covalent bond of attachment. With polynuclear radicals the 
order of increasing migratory aptitude ought then to parallel the order in which they confer 
increasing stability upon triarylmethyl radicals, given by Burton and Ingold (Proc. 
Leeds Phil. Soc., 1929, 1, 421; see also Ingold, Trans. Faraday Soc., 1934, 30, 52) : «-naph- 
thyl > 6-naphthyl > p-diphenylyl > m-diphenylyl > phenyl. The prediction of Burton 
and Ingold (loc. cit.) concerning triarylmethyl stability, p-diphenylyl > m-diphenylyl > 
phenyl, has been experimentally verified by Marvel, Mueller, and Ginsberg (J. Amer. Chem. 
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Soc., 1939, 61, 78, 2008).* We have found the following migratory aptitudes in the 
pinacol-pinacolone rearrangement: -diphenylyl, 3-7; m-diphenylyl, 0-4; phenyl, 1-0, 
leading to the order: a-naphthyl > 6-naphthyl > #-diphenylyl > m-diphenylyl, in agree- 
ment with the above suggestion. That the m-diphenylyl group migrates less readily than 
phenyl may be due to a factor being involved in determining the migratory aptitude of 
a group which cannot operate in deciding the effect of the group on triarylmethy] stability, 
namely, steric opposition to migration. Greater steric opposition to m-diphenylyl than to 
phenyl migration would account for the lower migratory aptitude of the first group. 

Previously, it has been suggested (Beale and Hatt, J. Amer. Chem. Soc., 1932, 54, 
2405) that the migratory aptitudes of o-substituted groups may be regarded as derived 
from those of the isomeric p-substituted groups by applying a correction for the o-effect. 
The latter, being largely steric in nature and hindering migration, necessitates that o-sub- 
stituted groups possess small migratory aptitudes. The experimental values are so small 
that, with the exception of o-anisyl, they are all zero relative to phenyl. In agreement 
with this view it is now found that the phenyl group alone, migrates in the rearrangement 
of s.-di-o-phenylbenzopinacol. Models of this pinacol show that steric opposition to re- 
arrangement should be especially pronounced. That rearrangement is even possible can 
be regarded as additional evidence of its intramolecular nature, for the phenyl group, 
when once removed from the molecule as an ion, could re-enter only with difficulty and some 
smaller ion would be expected to enter in its place. This pinacol is difficult to rearrange 
and the agents that have previously been described in the literature were found ineffective. 
Hydrion is usually the effective agent in these rearrangements and for this reason it seemed 
that perchloric acid in acetic acid solution was most likely to prove successful (compare 
Conant and Hall, J. Amer. Chem. Soc., 1927, 49, 3047). The reagent rapidly brought 
about complete rearrangement in this case, and in other pinacol—pinacolone changes 
examined, because of the rapidity of rearrangement, it seemed the most suitable agent to 
employ. 

So that the migratory aptitudes obtained with perchloric acid should be comparable 
with the results obtained with other agents, a comparison of agents has been made, s.-di-p- 
phenylbenzopinacol being used as substrate. The results (Table I) show that the extent 
to which p-diphenylyl and phenyl groups migrate is independent of the agent used except 
in the case of acetyl chloride in acetic acid-benzene solution. The apparently increased 
migration of the phenyl group in.this case has a simple explanation. Rearrangement 
with this reagent takes place slowly [Gomberg and Bachmann (J. Amer. Chem. Soc., 1927, 
49, 236) found it necessary to reflux with it for 12 hours, and Bachmann and Moser (ibid., 
1932, 54, 1124) in some cases refluxed the mixture for 60 hours] and permits an appreciable 
amount of thermal dismutation (compare Bergmann and Schuchardt, Amnalen, loc. cit., 
p. 257). The ketone produced by dismutation is also cleaved by alkali and gives an acid 
mixture much richer in p-phenylbenzoic acid than that obtained by cleavage of the pina- 
colones. A similar, apparently increased migration of the phenyl group could be obtained 
by using perchloric acid in acetic acid, if the rate of rearrangement was reduced by the 
addition of a little water. The widest difference in the values for migratory aptitudes 
with different reagents is encountered if s.-di-o-phenylbenzopinacol is used for comparison. 
Agents other than perchloric acid bring about the pinacolone change so slowly that it is 
entirely displaced by side reactions. The presence of water in the perchloric acid solution 
also has a more pronounced effect here (Table II). Hydriodic acid in acetic acid, usually a 
satisfactory agent, failed in this case, and doubtless other pinacols exist where it causes 
partial dismutation and partial rearrangement. s.-Di-o-fluorobenzopinacol appears to 
be of this class (Bergmann, Rec. Trav. chim., 1939, 58, 866). For these reasons data for 


* Marvel, Mueller, and Ginsberg (loc. cit.) considered that, if triarylmethyls owed their stabilities 
largely to resonance, then lack of conjugation in the m-diphenylyl group would require that it confers 
no greater stability upon triarylmethyl radicals than does phenyl, a deduction which disagrees with 
their experimental finding: m-diphenylyl > phenyl. Ingold and Burton (loc. cit.), in discussing the 
case of pentaphenylethyl, consider that stabilising influences due to resonance must be transmitted to 
some extent through two consecutive single bonds; by a similar argument it follows that the m-di- 
phenylyl group should confer greater stability than phenyl in the triarylmethy] series. 
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migratory aptitudes should generally be more trustworthy if perchloric acid has been used 
for the rearrangement. 


TABLE I. 
Rearrangements of s.-Di-p-phenylbenzopinacol. 
Equivalent Yield of Migratory 
wt. of mixed acids, aptitude of 
Rearranging agent. mixed acids.* %. p-diphenylyl. 
2% Perchloric acid in anhyd. acetic acid ............ 138 + 0-5 84 3°75 
Hydriodic acid in acetic acid  .........ccccccccsccccccces 138 + 0-5 83 3°75 
p-Toluenesulphonic acid in acetic acid .............+4. 137-5 + 0-5 79 3-9 
Acetyl chloride in benzene—acetic acid ............+6. 148 + 2 76 1-87 
2% Perchloric acid in acetic acid + 4% of water... 144+ 2 73 2-6 


* The mean equivalent weight is given with the maximum experimental variation. 


We have failed to confirm the migratory aptitude obtained by Gomberg and Bachmann 
(loc. cit.) for p-diphenylyl. Their value demands an equivalent weight of 128 for the 
mixed acids obtained by scission, which differs considerably from ours (see Table I). 
Their low value is probably to be explained by the method of estimation used : the amount 
of ~-phenylbenzoic acid in the mixture was determined by removing the benzoic acid 
present with warm water and weighing the residual acid. Unless considerable care is taken, 
large errors can occur in the determinations of migratory aptitudes and considerable 
disagreement concerning migratory aptitude values is to be found in the literature [see 
the values for m-tolyl, m-anisyl, and -anisyl given by Bailar (loc. cit.), Bachmann and 
Moser (loc. cit.), and by Bachmann and Ferguson (J. Amer. Chem. Soc., 1934, 56, 2081)). 
The value now obtained for the migratory aptitude of p-diphenylyl destroys in several 
examples the agreement found by Bachmann and Moser between predicted and observed 
migratory aptitudes. To give one example: the percentage migrations of p-tolyl and 
p-diphenylyl in the appropriate symmetrical tetra-arylpinacol were predicted as: 


IB = 5° The observed value was : is The predicted figures with the new data are: 
ai = To the many other cases where the agreement still holds we have, as yet, 


applied no test. However, where, as in the case of the migratory aptitudes, the values 
are known to be liable to errors of several units %, it seems somewhat forced to employ 
in these predictions migratory aptitudes derived (as in the above example) from acid 
mixtures of one-sided compositions. The effect of errors will be magnified. The agree- 
ments between predicted and observed values found by Bachmann mean either that the two 
aryl groups attached to the carbon atom on to which migration occurs are without influence 
upon the course of the rearrangement, or that their combined influences, chemical and 
steric, can be computed exactly from a comparison of each group separately with any 
arbitrarily selected third aryl group. The first alternative seems unlikely; in many cases 
the second may be approximately fulfilled, but that it should be fulfilled as closely as the 
experiments of Bachmann, Moser, and Ferguson indicate, seems, quite apart from the 
question of experimental error, hardly to be expected. 


EXPERIMENTAL. 


2-Phenylbenzophenone, m. p. 92°, was prepared according to the method of Schlenk, 
Bergmann, and Knorr (Amnalen, 1928, 464, 33), who give m. p. 90°. 2-Phenylbenzophenoneanil, 
obtained by boiling the ketone with excess of aniline and a little aniline hydrobromide for 4 hour 
in an atmosphere of carbon dioxide, was isolated by pouring the products into alcohol. It 
formed yellow crystals, m. p. 91—92° (Found: N, 4-1. C,;H,,N requires N, 4:2%). | 

2-Phenylbenzhydrol was obtained by reduction of 2-phenylbenzophenone with zinc dust 
and alcoholic potash at 30° for 5 days (Elbs, J. pr. Chem., 1886, 33, 184). It separated from 
light petroleum (b. p. 40—60°) in colourless crystals, m. p. 71° (Found: C, 87-3; H, 6-2; 
M, in camphor, 241. C,.H,,O requires C, 87-7; H, 6-2%; M, 260). When warmed for a few 
minutes with a 3: 1 sulphuric-acetic acid mixture, the hydrol was completely converted into 
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9-phenylfluorene, m. p. and mixed m. p. 147°, which was isolated by pouring the mixture into 
water. 

s.-Di-o-phenylbenzopinacol was prepared in three ways. 

(1) 2-Phenylbenzophenone (30 g.) was shaken with zinc dust (45 g.) and acetic acid (350 c.c.) 
at 25—30° for 10 days. The mixture was poured into water, and the insoluble material collected, 
washed with a little alcohol, and extracted with boiling chloroform. Concentration of the 
extracts and addition of alcohol gave the desired pinacol (24 g.) as a mixture of two stereoisomers. 
The less soluble «-form (1 part dissolves in 33 parts of boiling chloroform), present in much the 
larger quantity, was readily obtained pure, by repeated crystallisation from chloroform and 
alcohol, in small colourless needles, m. p. 175° (decomp.). The §-form was unstable, being 
converted into the «-isomer in hot chloroform solution. It was extracted from the mixture of 
isomers with a warm 1 : 1 mixture of chloroform and alcohol and then caused to crystallise by 
the addition of an equal volume ofalcohol. The a-isomer still present was removed by submitting 
the crystals to repeated extractions of this kind, filtering each time from small amounts of the 
undissolved a-isomer. Owing to its labile nature, even after repeated purification the 6-form 
melted at 152—160°, but it was homogeneous and consisted of large, flat, hexagonal prisms. 

(2) The ketone (2 g.), sodium (0-2 g.), and dry ether (15 c.c.) were shaken under nitrogen 
in a Schlenk tube for 4 days; the product, hydrolysed with aqueous acetic acid, yielded 
0-45 g. of mixed stereoisomeric pinacols together with unchanged ketone (compare Bachmann, 
J. Amer. Chem. Soc., 1933, 55, 1179). 

(3) When the reaction between phenylmagnesium bromide (2 mols.) and methyl 2-phenyl- 
benzoate (0-1 mol.) was carried out in an atmosphere of nitrogen and in presence of excess of 
magnesium, small yields (3%) of the mixed pinacols were obtained (compare Hatt, J., 1929, 
1623). 2-Phenyltriphenylcarbinol, the chief product of the reaction, was identified by conversion 
with boiling acetic acid into 9 : 9-diphenylfluorene (m. p. 222°). 

The pinacols were not produced by irradiation of 2-phenylbenzophenone in isopropy] alcohol. 
Gomberg and Clarkson (J. Amer. Chem. Soc., 1930, 52, 2882) found that reduction of 2-phenyl- 
benzophenone with magnesium and magnesium iodide gave only 9-phenylfluorene. 

The a-pinacol crystallised with one molecule of water, which was lost very slowly at 
100°/1 mm. over phosphoric oxide (higher temperatures were not used for fear of thermal dis- 
mutation). Attempts to detect this water by the Zerewitinov determination with diisoamyl 
ether as solvent were only partially successful, probably because of the insolubility of the pinacol 
[Found : active H, 2-3, 2-5. C;,H,,(OH),,H,O requires active H, 4-0. Under the same con- 
ditions benzopinacol gave : active H, 1-97, 1-90. Calc. for C,,H,,(OH),: activeH,2-0. Found 
for the «-pinacol hydrate : C, 84-9, 84-9 (84-8 by A. Schoeller) ; H, 5-9, 5-7 (5-7 by A. Schoeller). 
C3,H;,0,,H,O requires C, 85-1; H, 6-0%]. 

The 8-pinacol also crystallised with a molecule of water (Found : loss at 100° in a vacuum 
over phosphoric oxide, 3-8. C,,H,,0,,H,O requires H,O, 3-4. Found for the anhydrous 
material: C, 87:7; H, 5-8. C;,H,,O, requires C, 88-0; H, 5-8%). 

Conversion of the 8- into the a-pinacol was complete after a dilute solution of the 8-pinacol, 
m. p. 152—158°, in chloroform had been refluxed for 8 hours on a water-bath. Evaporation 
and addition of alcohol caused crystallisation of the a-pinacol, m. p. 175°. Unchanged §-form 
could not be detected. ; 

Oxidation of the pinacols. The a- or the B-pinacol (0-3 g.), iodine (0-25 g.), and a 20% solution 
of sodium acetate in acetic acid (5 c.c.) were refluxed for 1 hour, and the mixture poured into 
dilute sulphurous acid. The 2-phenylbenzophenone obtained (0-28 g.) melted at 92° after one 
recrystallisation from light petroleum. 

3-Phenylbenzophenone was prepared from 3-diphenylylmagnesium bromide and benzonitrile. 
No difficulty was encountered in the preparation of the Grignard reagent if the reaction was 
carried out in an atmosphere of nitrogen, the magnesium activated by the method of Baeyer, 
and completely dry reaction vessels used with reagents that had been dried by heating at 100° 
in small closed flasks, in the air spaces of which were suspended small tubes containing phosphoric 
oxide. 

3-Bromodiphenyl (46-7 g.), activated magnesium (4-8 g.), and ether (140 c.c.) were allowed 
to react and the mixture was refluxed for 2 hours after the vigorous reaction had subsided. 
Benzonitrile (13-5 g.) in ethereal solution was added slowly with stirring. After refluxing 
(8 hours), the product was decomposed with ice and dilute acid, the ether removed, and the 
residual ketimine hydrolysed with hot aqueous acid (6 hours). The ketone was obtained by 
fractional distillation of the products. It formed a pale yellow oil, b. p. 264—267°/25 mm., 
and separated from light petroleum (b. p. 80—100°) in colourless crystals, m. p. 79°. Yield, 
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23-5 g. (46%) (Found: C, 88-6; H, 5-5; M, in camphor, 267. C,,H,,O requires C, 88-4; 
H, 55%; M, 258). 

3-Phenylbenzhydrol, prepared from 3-phenylbenzophenone according to the method given 
for 2-phenylbenzhydrol, crystallised from light petroleum (b. p. 60—80°) in fine white needles, 
m. p. 81°. In sulphuric acid it gave a deep red solution (Found: C, 88-1; H, 6-4. C,H,,O 
requires C, 87-7; H, 6-2%). 

s.-Di-m-phenylbenzopinacol.—_The method of Gomberg and Bachmann (J. Amer. Chem. 
Soc., 1927, 49, 236) proved unsuitable for this pinacol. Small yields of the compound with 
larger quantities of the hydrol were obtained by reduction of the ketone with zinc dust and 
acetic acid at 15—20° for several days. The pinacol was separated from admixed hydrol by 
crystallisation from chloroform and alcohol (yield, 20%). 

Larger yields (55%) were obtained by photochemical reduction of 3-phenylbenzophenone 
in isopropyl alcohol (compare ‘‘ Organic Syntheses,” 14, 8). The pinacol separated from chloro- 
form and alcohol in rosettes of fine needles, m. p. 178°. These gave no colour with sulphuric 
acid, but dissolved in warm alcoholic potash with a transient blue coloration (Found: C, 88-2; 
H, 5-9. C3,H 0, requires C, 88-0; H, 5-8%). The pinacol was completely oxidised by iodine 
and sodium acetate in acetic acid solution to 3-phenylbenzophenone. 

s.-Di-p-phenylbenzopinacol._—This was prepared by the method of Gomberg and Bachmann 
(loc. cit.). It may also be readily obtained (45% yield) by reduction of 4-phenylbenzophenone 
with zinc dust in acetic acid at 37°. The pinacol used in the rearrangements was crystallised 
from chloroform and alcohol or from dioxan and ether and melted at 198—201°. 

Rearrangement of the Pinacols.—In the general procedure using perchloric acid, the pure 
pinacol (1-5 g.), dried at 80° in a vacuum, was added to an anhydrous 2% solution of perchloric 
acid in acetic acid, obtained by mixing acetic acid (14 c.c.), acetic anhydride (13 c.c.), and 20% 
aqueous perchloric acid (3 c.c.). The mixture was refluxed in an all-glass apparatus on an oil- 
bath for 1 hour and then poured into water. The precipitated pinacolones, after standing, 
were collected on a sintered-glass crucible, washed thoroughly, and dried to constant weight at 
100°. The yields of pinacolones were usually about 98%. 

When hydriodic acid was used, 0-1 c.c. of constant-boiling (d 1-7) acid was added to 20 c.c. 

of acetic acid and used to rearrange 1-0—1-3 g. of pinacol. The reaction mixture was heated 
as stated in the previous case, but for a longer time (6 hours). The reaction mixture was poured 
into water containing a little sodium bisulphite, and the product collected as already described. 
When s.-di-o-phenylbenzopinacol was refluxed with this reagent for 20 hours, the only product 
that could be identified was 2-phenylbenzophenone. 
_ In rearrangements with p-toluenesulphonic acid, the dry acid (1-4 g.) was dissolved in acetic 
acid (40 c.c.) and used to rearrange the pinacol by heating under the conditions given above 
for 6 hours. s.-Di-o-phenylbenzopinacol under these conditions gave an oil containing 9-pheny!l- 
fluorene. 

Acetyl chloride in benzene-acetic acid solution was used following as far as possible the 
directions of Gomberg and Bachmann (loc. cit.). In order to free the pinacolones from contaminat- 
ing acetic acid and acetic anhydride, it was necessary to boil for prolonged periods with water 
prior to collection of the pinacolones. 

o-Phenylbenzoyldiphenyl-o-diphenylylmethane was the sole product of the rearrangement of 
s.-di-o-phenylbenzopinacol with perchloric acid. It separated from acetic acid in colourless 
hexagonal plates, m. p.195-5° (Found: C, 90-8; H, 58. C,,H,,O requires C, 91-2; H, 5-6%). 

The mixture of pinacolones obtained from s.-di-m-phenylbenzopinacol was a glass which 
slowly crystallised from chloroform and methyl alcohol. 

Fission of the Pinacolones.—o-Phenylbenzoyldiphenyl-o-diphenylylmethane was unchanged 
after refluxing for 300 hours with 10% alcoholic or methyl-alcoholic potash. Fission was 
possible either with potassium hydroxide, with a little isoamyl alcohol added, at 185—195° 
(Fischl, Monatsh., 1914, 35, 524; Madelung and Oberwegner, Ber., 1927, 60, 2490), or with a 
mixture of potassium and sodium hydroxides (1: 1) at the same temperature. The first reagent 
proved unsuitable for quantitative work, since appreciable amounts of isovaleric acid were 
formed during its use. s.-Di-m-phenyl- and s.-di-p-phenyl-benzopinacol were rearranged 
with perchloric acid, and the equivalent weights of the acids obtained by fission of the pina- 
colones with potassium and sodium hydroxides (1:1) and with methyl-alcoholic potash compared. 
These were 176-5 and 173-3 with the first, and 143 and 144-7 with the second pinacolone. They 
agree within the limits of experimental error. That the mixed acids produced in the fission 
suffered no decomposition was shown by fusing synthetic mixtures of p-phenylbenzoic acid and 
benzoic acid with alkali and recovering the acids (Found: equiv., 140-1. Calc., 140-6). 
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In the method used, the pinacolone (1-2—1-5 g.) and powdered potassium and sodium 
hydroxides (1 : 1) (8 g.) were heated in a Palau test-tube contained in an oil-bath at 185—195°. 
After 2-5 hours, during which time the mixture was frequently stirred, the products were extracted 
with water, the methanes filtered off, and if necessary completely removed by a subsequent 
extraction with benzene.’ The acids were liberated with concentrated hydrochloric acid and 
extracted in benzene, the combined benzene liquors washed twice with water, dried over sodium 
sulphate, and evaporated on a water-bath, and the residue dried to constant weight in a vacuum 
desiccator (4 days) and titrated with standard barium hydroxide. The benzene distillate always 
contained small amounts of benzoic acid, which was estimated by titration and a correction 
applied. 

TABLE II, 


Equiv. 
No.of wt. of Yield 
determin- mixed ofacids, Migratory aptitude 
(Ph = }). 


Rearranging agent. ations.  acids.* %. 

Rearrangement of s.-Di-o-phenylbenzopinacol. 
2% Perchloric acid in anhyd. acetic acid ............ 4 192+4 87—90 o0-Diphenylyl = 0 
2% Perchloric acid in acetic acid + 4% of water 3 178+3 84—93 — 

Rearrangement of s.-Di-m-phenylbenzopinacol. 
2% Perchloric acid in anhyd. acetic acid ............ 4 176+3 72—84 m-Diphenylyl = 0-41 
2% Perchloric acid in acetic acid + 4% of water 1 175-4 75 m-Diphenylyl = 0-42 
Hydriodic acid in acetic acid .........seseseeeeeeeeeeees 2 170 + 1 78and 89 m-Diphenylyl = 0-58 


* The mean equivalent weight is given with the maximum experimental variation. 


These results show that the equivalent weight of the mixed acids from the o-substituted 
pinacol is altered considerably by the presence of water in the acetic acid. This pinacol would 
also be expected to dismute rapidly at the temperature used for rearrangement (compare 
Bergmann, Rec. Trav. chim., 1939, 58, 866). Accordingly o-diphenylyl is assigned a migratory 
aptitude of zero. 

2-Phenyliriphenylmethane, obtained from fission of o-phenylbenzoyldiphenyl-o-diphenylyl- 
methane, crystallised from chloroform and methyl alcohol in colourless hexagonal plates, m. p. 
138° (Found : C, 93-4; H, 6-6. C,,H,,. requires C, 93-7; H, 6-3%). 

Alkaline Fission of Phenyl-substituted Benzophenones.—Dismutation to ketone and hydrol 
appears to be the chief side reaction in the rearrangement of a pinacol. Since ketones are 
cleaved by alkali fusion, in order to determine the effect ketonic impurities would have on the 
equivalent weights of acids from the pinacolone fission, the pure ketones were submitted to 
alkaline fission. 1G. of the ketone and 8 g. of the fusion mixture were heated in exactly the 
manner used in pinacolone fission and the equivalent weight of the mixed acids was determined 
as described there : 


Ketone. % Yield of acids. - Equiv. wt. of mixed acids. 
2-Phenylbenzophenone ...........seseceesseeeeees 70—72 128-9, 126-5, 128 
3-Phenylbenzophenone ...........s.seeseeseereees 65—80 166-8, 164-3, 165-3 
4-Phenylbenzophenone ............seeseeseeeeeees 55—59 175-2, 178 


The equivalent weights of the acid mixtures from 2- and 4-phenylbenzophenones differ so 
widely from those of the acids obtained from the corresponding pinacolone fission that small 
amounts of these ketones in the pinacolones will introduce considerable error in the values for 
the migratory aptitudes. Our equivalent weight for the cleavage acids from 4-phenylbenzo- 
phenone (177) differs considerably from that of Bachmann (160-8) (J. Amer. Chem. Soc., 1935, 
57, 737). 


We wish to thank the Chemical Society for a research grant. 
THE UNIVERSITY OF MELBOURNE. [Received, April 24th, 1941.] 
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83. Acridine Synthesis and Reactions. Part II. Synthesis of 
Proflavine from m-Phenylenediamine and its Derivatives (continued). 


By ADRIEN ALBERT. 


In continuation of the investigation of the mechanism of the reaction whereby 
proflavine is produced in good yield from m-phenylenediamine, glycerol, and formic 
acid (this vol., p. 121) the relative importance of diphenylamine and of benzhydrol 
derivatives as intermediates is discussed, and it is concluded that the evidence points 
to the dihydrochloride of (anhydro)-2 : 4: 2’ : 4’-tetra-aminobenzhydrol (Vb) as the 
immediate precursor of proflavine. 


THE reaction by which proflavine is produced on heating m-phenylenediamine and glycerol 
with oxalic or formic acid was assumed (Albert, Joc. cit.) to depend on the partial formyl- 
ation of the diamine to m-aminoformanilide (I) and on the latter’s reacting with unchanged 
m-phenylenediamine. That m-aminoformanilide is indeed an intermediate in this reaction 
is upheld by the higher yields obtained when it was condensed with m-phenylenediamine 
in comparison with the results of condensing two equivalents of the latter base with formic 
acid. Moreover, it was found (Figure, A) that hydrogen chloride promoted this reaction 


70r Fan 
60F 3/ 











0 7 2 3 
Mols. of HCl. 


A. Yield of proflavine from 1 mol. each of m-phenylenediamine and m-aminoformanilide at 155° with 
increasing amounts of hydrogen chloride. 
B. The same with, in addttion, 2-7 mols. of zinc chloride. 


in proportion to the quantity present up to a maximum of 2-3 mols. for one mol. each of 
m-phenylenediamine and m-aminoformanilide, the maximum yield (63% of proflavine) 
being depressed by further additions of hydrogen chloride. When zinc chloride (2-7 mols.) 
was also present (Figure, B), the maximum yield (70%) was obtained with 2 mols. of hydrogen 
chloride and these yields became 71% and 80% (without and with zinc chloride respect- 
ively) when the temperature was raised from 155° to 180°, although the products of the 
reaction at the higher temperature were less readily purified. 

These results (see Figure) are interpreted thus: As soon as each amine has become the 
monohydrochloride, further additions of hydrogen chloride deprive the one remaining 
primary amino-group of its required para-directing properties, owing to salt formation, 
and the condensation cannot proceed. Further, it was observed that excess of hydrogen 
chloride brought about loss of the formyl compound by hydrolysis. The peak yield at or 
about 2HC1 had also been noted in the various original condensations (Part I). The effect 
of zinc chloride (Figure, B) is ascribed to the liberation by hydrolysis of a little hydrogen 
chloride, although a small extra catalytic effect appears to be exerted at, and around, the 
peak yield. 

To obtain light on the subsequent course of this reaction, it was interrupted at various 
temperatures and the melt was cooled, diluted with water, and neutralised with ammonia. 
The most informative results were obtained by interrupting the reaction at 140° after it 
had been proceeding for 10 minutes; a white, water-insoluble, basic material was then 
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obtained, which was separated into a substance insoluble in alcohol, a substance soluble in 
cold alcohol, and a substance crystallising from hot alcohol on cooling. The last fraction 
(1% yield) consisted of white needles, m. p. 137°, identified as 3 : 3’-diamino-N-formyldi- 
phenylamine (II), which was synthesised for comparison from 3 : 3’-dinitro-N-formyldi- 
phenylamine. Bernthsen’s synthesis of acridine, although in poor yield, from N-formy]l- 
diphenylamine (Annalen, 1884, 224, 6) lent colour to the assumption that the above di- 
aminoformyldiphenylamine (II) might be the precursor of proflavine (III). However, 
it seems unlikely that any considerable amount of a diphenylamine could form at so low a 
temperature as 155°; moreover, no 3 : 3’-diaminodiphenylamine was obtained on heating 
m-phenylenediamine with hydrogen chloride at 155°, and only a trace of N-formyldi- 
phenylamine from aniline and formanilide under similar conditions. Finally, when 
3 : 3’-diamino-N-formyldiphenylamine was warmed in glycerol with either ethereal or 
aqueous hydrogen chloride, no more than a 30% yield of proflavine could be obtained 
together with large amounts of an unidentified resinous material not encountered in the 
normal reaction. It is therefore unlikely that the reaction being studied proceeds mainly 


via diaminoformyldiphenylamine. 
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The alcohol-soluble substance obtained (14% yield) in the interrupted reaction was 
white and was readily hydrolysed in moist air, or on boiling with Nn-hydrochloric acid, to 
m-phenylenediamine (identified as its picrate) and a resin. On warming with hydrogen 
chloride in glycerol, it gave a 75% yield of proflavine, of which it is therefore considered a 
true precursor. It was also obtained by heating m-phenylenediamine and formic acid in 
slowly distilling toluene. The analytical figures correspond to N-2’ : 4’-diamino-a-hydroxy- 
benzyl-m-phenylenediamine (IV). Dimroth’s synthesis of N-2': 4’ : «-trihydroxybenzyl- 
aniline from formanilide and resorcinol (Ber., 1902, 35, 984) provides an analogy. 

The alcohol-insoluble material isolated in the interrupted reaction was identified as 
bis-2 : 4: 2’: 4'-tetra-aminobenzhydryl ether (6% yield). Higher yields of this substance 
(70%) were obtained in the absence of glycerol, if the hydrogen chloride was replaced by 
boric acid. Hydrochloric acid (HCl: NH, = 1:4) in 50% aqueous acetone hydrolysed 
the ether to 2:4: 2’ : 4’-tetra-aminobenzhydrol (Va), but hydrochloric acid (HCl: NH, = 
1: 2) in glycerol at 155° gave a 40% yield of proflavine, the remainder of the product 
consisting of tetra-aminotetrahydrobisacridyl ether (Part I). The latter was the sole 
product when the ether was boiled with dilute acid. It would appear that the ether is not 
an intermediate in the synthesis of proflavine, but is produced during isolation from the 
highly unstable salts (Vb) of tetra-aminobenzhydrol. Moreover, the diaminohydroxy- 
benzylphenylenediamine (IV) changed to the ether when dried in a vacuum or when boiled 
in dilute alcoholic solution. 

Although tetra-aminobenzhydrol (Va) or salts of its anhydro-form (Vd) could not be 
isolated from the reaction mixture, its formation as an intermediate is to be inferred as a 
necessary step between the compounds (IV) and (III). It was synthesised by reduction 
of tetra-aminobenzophenone and found to be a white, highly reactive substance. When 
it was neutralised with acetic acid or with one equivalent of hydrogen chloride, the intensely 
crimson monoacid salt of the anhydro-form, similar in structure to the highly coloured 
monoacid salts of triphenylmethane dyes, was formed. This colour change was reversible. 
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Further addition of hydrochloric acid produced (at $, 2) a pale yellow diacid salt. Aqueous 
solutions of the monoacid salt quickly decolorised on standing, giving the above-described 
ether, whereas the diacid salt, when boiled for 4 hour with hydrochloric acid, gave a nearly 
quantitative yield of pure proflavine. The reason for the increased yield in the original 
reaction (see Figure) in the presence of two molecules of hydrochloric acid, as against one, 
is now seen, and the evidence points to the dihydrochloride (Vb) of tetra-aminobenzhydrol 
as being the immediate precursor of proflavine. The ready formation of 2: 4: 2’: 4’-tetra- 
hydroxybenzhydrol by treating resorcinol and formic acid with hydrogen chloride (Cross 
and Bevan, J., 1911, 99, 1455) lends additional support to this theory. 

Finally it must be recorded that 2: 6- or 4: 6-diaminoacridine could not be isolated 
from the products of reaction of substance (I), (II), (IV) or (V). Similarly, 3-amino- 
N-formyldiphenylamine, from 3-nitro-N-formyldiphenylamine, gave a 20% yield of 2- but 
no 4-aminoacridine on heating with hydrogen chloride in glycerol. 


EXPERIMENTAL. 


Condensation of m-Aminoformanilide with m-Phenylenediamine.—m-Aminoformanilide 
(1-9 g.; 1 mol.), m-phenylenediamine (1-5 g.; 1 mol.), and hydrogen chloride (0-5 g.; 1 mol.) 
in the form of a 31% aqueous or 7% ethereal solution were mixed with glycerol (10 g.) in which 
zinc chloride (when used) (5 g.; 2-7 mols.) had been dissolved. The whole was warmed in an 
open vessel to 155° during } hour and kept at 155° for 45 minutes. The melt was cooled and 
treated with sodium hydroxide solution, and the proflavine recrystallised as the sulphate from 
2n-sulphuric acid, basified, and, where necessary, recrystallised from 55 parts of alcohol. The 
other intermediates were cyclised similarly. 

Diphenylamine Compounds (With Miss Dorotuy K. LarGeE).—3-Nitrodiphenylamine 
(6 g.), zinc chloride (5 g.), and formic acid (40 ml.; 90%) were refluxed for 2 hours, the mixture 
poured into water, and the 3-nitro-N-formyldiphenylamine recrystallised from 3 parts of alcohol 
until colourless (yield, 50%). It had m. p. 77°, decomposed above 100°, and was readily 
soluble in benzene and acetone and very sparingly soluble in light petroleum (Found: N, 11-4. 
C,3H,,O,N, requires N, 11°55%). 3: 3’-Dinitro-N-formyldiphenylamine, similarly prepared 
from 3: 3’-dinitrodiphenylamine (Albert and Linnell, J., 1936, 89) and recrystallised from 
acetone and then from alcohol, gave light buff crystals (65% yield), m. p. 145—146° (corr.), 
very soluble in alcohol, only slightly soluble in ether and benzene (Found: N, 14-4. C,,;H,O;N; 
requires N, 14.6%). These formyl compounds, unlike their parent diphenylamines, are soluble 
in formic acid without temperature gradient. 

3 : 3’-Dinitro-N-formyldiphenylamine (15 g.), formic acid (3 ml.), and water (60 ml.) were 
stirred in a basin on the water-bath while reduced iron (30 g.) was added during } hour. The 
mixture was heated for 20 minutes longer, treated with calcium carbonate (3 g.), and the liquid 
filtered. The residue contained the 3: 3’-diamino-N-formyldiphenylamine (II). This was 
extracted with acetone (two portions of 50 ml.), the solvent evaporated, and the amine extracted 
with n-hydrochloric acid and precipitated with sodium acetate (yield, 85%). It formed white 
needles, sparingly soluble in benzene; m. p. 138-5° (corr.), not raised by recrystallisation from 
water or alcohol (Found: C, 68-2; H, 5-65; N, 18-3. C,,;H,,;ON; requires C, 68-7; H, 5-7; 
N, 18-5%). The hydrochloride and the sulphate were very soluble in water. The amine gave 
no colour with equal parts of 5n-sulphuric acid and 3% hydrogen peroxide in the presence of a 
trace of ferrous sulphate, but after 1 minute’s boiling with 5n-sulphuric acid repetition of the 
test gave the deep red colour characteristic of 3 : 3’-diaminodiphenylamine. 3-Nitro-N-formyl- 
diphenylamine, similarly treated, gave white crystals of 3-amino-N-formyldiphenylamine, m. p. 
131—132° (corr., decomp.) after recrystallisation from cyclohexane and alcohol (Found: C, 
73-3; H, 5-8; N, 13-1. C,,;H,,ON, requires C, 73-6; H, 5-7; N, 13-2%). These amines were 
also satisfactorily prepared by reduction with hydrogen and Raney-nickel at atmospheric 
pressure by the method of Albert and Ritchie (Proc. Roy. Soc. N.S.W., 1940, 74, 77). 

N-2’ : 4’-Diamino-a-hydroxybenzyl-m-phenylenediamine (IV) (With W. KENNARD).—m- 
Phenylenediamine (6 g.; 2 mols.), formic acid (1 g.; 1 mol.), boric acid (0-1 g.), and toluene 
(30 ml.) were heated so that the toluene slowly distilled (5 hours) through a 16-inch column, the 
whole being mechanically shaken. The lower layer, after cooling, was rapidly recrystallised from 
aqueous alcohol. Yield, 30% of white crystals, m. p. approx. 120° (decomp.), soluble in acetone, 
insoluble in benzene (Found: C, 64-2; H, 6-8; N, 22-6. C,,;H,,ON, requires C, 63-9;-H, 6-6; 
N, 22-95%). 

m-Phenylenediamine picrate, m. p. 184° (corr.), was prepared in water and recrystallised from 
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7 parts of boiling water and from 17 parts of boiling alcohol [Found : picric acid, by titration 
against methylene-blue (Bolliger, Analyst, 1939, 64, 416), 80-5. C,H,N,,2C,H,O,N, requires 
picric acid, 80-9%]. 

2:4:2':4'-Tetra-aminobenzhydrol (Va).—2: 4:2’: 4'-Tetra-aminobenzophenone (2-4 g.) 
(Gulland and Robinson, J., 1925, 127, 1499) was dissolved in 2n-hydrochloric acid (10 ml.) 
and precipitated by 2N-sodium hydroxide (10 ml.) (in later experiments it was simply dissolved 
in morpholine, 6 ml.), and 70 ml. of water added during 5 hours withshaking. A colloidal solution 
of 2:4: 2’ : 4'-tetra-aminobenzhydrol (Va) was produced, which, on the addition of ammonium 
chloride or acetic acid, began to deposit the base at p, 9-5. By bringing the p, to 8 and repeatedly 
filtering the crimson solution, a 75% yield of the free base was obtained as a white powder, 
decomposing at about 200° with evolution of steam and remelting at about 290°. It was 
moderately readily soluble in glycol and glycerol (red solutions) and in pyridine, slightly soluble 
in acetone and alcohol, and very sparingly soluble in ether (Found: C, 63-8; H, 6-6; N, 23-2. 
C,3H,,ON, requires C, 63-9; H, 6-6; N, 230%). Dr. Sydney D. Rubbo (University of Mel- 
bourne) reports that this substance has no antiseptic properties. 

Bis-2 : 4: 2’ : 4'-tetra-aminobenzhydryl Ether.—m-Phenylenediamine (0-75 g.), m-amino- 
formanilide (0-95 g.), and boric acid (0-1 g.) were heated at 155° for 45 minutes, and the product 
extracted with alcohol. The insoluble portion (70% yield) consisted of bis-2: 4: 2’ : 4’-tetra- 
aminobenzhydryl ether, m. p. approx. 295° (decomp.) (sealed tube in a bath initially at 265°). 
It was moderately readily soluble in boiling (and sparingly soluble in cold) pyridine and glycol 
(separation from tetra-aminobenzhydrol), but very sparingly soluble in boiling water, alcohol, 
butanol, acetone, benzene, chloroform, morpholine, ceHosolve, and anisole (Found: C, 66-7; 
H, 6-35; N, 23-7. C,,H,ON, requires C, 66-4; H, 6-4; N, 238%). It was stable in boiling 
alkali, dissolved in dilute acids with a pale yellow colour, and on diazotisation gave a brown 
precipitate and solution that coupled with $-naphthol (scarlet). Boiling dilute acetic acid 
initiated hydrolysis to tetra-aminobenzhydrol (crimson solution), but before this was completed 
cyclisation to tetra-aminotetrahydrobisacridyl ether (Part I) set in. 


The author wishes to thank Professor J. C. Earl and Mr. N. G. Hills for helpful suggestions. 
The assistance of a Commonwealth Research Fellowship is gratefully acknowledged. 


THE UNIVERSITY OF SYDNEY. [Received, April 26th, 1941.] 





84. Benzcyclooctatetraenes. Part I. 
By W. S. Rapson and R. G. SHUTTLEWORTH. 


Preliminary attempts to prepare benzcyclooctatetraenes, in particular, 1: 2:3: 4- 
dibenz-A'***5*7-cyclooctatetraene (II) derivatives by direct synthesis, and 
1:2:3:4:5:6: 7: 8-tetrabenz-A!***5*?-cyclooctatetraene or tetraphenylene, have 
not been successful, and it seems as if the preparation of (II) must be carried out from 
the corresponding dibenzcyclooctadiene. A beginning has been made along these lines. 


THE possibility has been discussed (Hurd and Drake, J. Amer. Chem. Soc., 1939, 61, 1943) 
that the cyclooctatetraene prepared by Willstatter and his co-workers (Ber., 1913, 46, 517; 
1911, 44, 3423, and earlier papers) was not A1:%:5:7-eyclooctatetraene, and there are indic- 
ations (Vincent, Thompson, and Smith, J. Org. Chem., 1939, 8,603; Kohler, Tishler, Potter, 
and Thompson, J. Amer. Chem. Soc., 1939, 61, 1057; Steadman, ibid., 1940, 62, 1606) 
that investigations are in progress which have as one of their aims its synthesis and 
re-examination. 

Our aim has been to synthesise benz-A1:%:5:7-cyclooctatetraenes, since these might be 
easier to produce and more stable than cyclooctatetraene itself. The publications of Waw- 
zonek (J. Amer. Chem. Soc., 1940, 62, 745) and of Fry and Fieser (ibid., p. 3489) lead us to 
record our as yet incomplete observations. 

Because of the analogy between 2: 2’-disubstituted diphenyls and o-disubstituted 
benzenes (Kenner, J., 1911, 99, 2101; 1913, 108, 613) our first experiments were attempts 
to prepare 1 : 2: 3: 4-dibenz-A?:%:5:7?-cyclooctatetraene (II) by condensation of dipheny]l- 
2 : 2’-dialdehyde (I) with succinic acid (cf. Kuhn and Winterstein, Helv. Chim. Acta, 1928, 
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11, 87) or ethyl succinate (cf. Cordier, Ann. Chim., 1931, 15, 228). These experiments 
failed. o-Iodocinnamaldehyde was then condensed with o-iodophenylacetic acid by Kuhn 
and Winterstein’s method (loc. cit.), 1 : 4-bis-o-todophenyl-A1:*-butadiene (III) being ob- 
tained in two isomeric forms. The conversion of (III) into (II) has not, however, been 
effected. Reaction with copper-bronze alone or in high concentrations in quinoline gave 
intermolecular condensation products, and at lower concentrations in quinoline 1 : 4- 
diphenyl-A?: 3-butadiene was the only product of low molecular weight isolated. 


CH 
CHO Ns O- ‘cH CO-CH, 
CH 
CH 
CHO —cHZ C - CH,*CO,Et 


(I.) (II.) (III.) (IV.) 


Other experiments had as their objective the compound (IV), from which the desired 
ring system should be accessible. One attempt to produce (IV) failed because 0-iodo- 
acetophenone could not be condensed with ethyl o-iodophenylacetate by the Ullmann reac- 
tion, and another was abandoned when it was found that the arylation of ethyl phenyl- 
acetate by the Gomberg-Hey method was not feasible because of the reactivity of the 
methylene group. 

The reaction of sodium with 2 : 2’-dibromodipheny]l has been described by Dobbie, Fox, 
and Gauge (J., 1911, 99, 683; 1913, 103, 36) as yielding diphenylene in almost quantitative 
yield. Like Schwechten (Ber., 1932, 65, 1606), and Mascarelli, Gatti, and Longo (Gazzetta, 
1933, 68, 661), we have been unable to reproduce this result; the only simple product we 
observed was diphenyl, the yield of which increased rapidly as the amount of diluent 
(ether) used in the reaction was increased. The coupling technique of Krizewsky and 
Turner (J., 1919, 115, 560) has been applied to 2 : 2’-dibromodiphenyl without success. It 
led to a small amount of diphenyl, mixed with a trace of another steam-volatile halogen-free 
substance, m. p. 107°, which was separated as its picrate but was not identified. 


EXPERIMENTAL, 


2’-Iodobenzanilide.—o-Iodobenzoyl chloride (158 g.) in dry benzene (600 c.c.) was cooled in 
ice and treated slowly with aniline (120 g.) in carbon tetrachloride (250 c.c.). The precipitated 
anilide was filtered off (a further small quantity was obtained by evaporating the washed and 
dried mother-liquor), washed with dilute hydrochloric acid and water, and crystallised from 
aqueous alcohol or toluene, separating in colourless needles (185 g.), m. p. 142-5°, slightly soluble 
in ether (Found: C, 48-6; H, 3-0. C,,H,,ONI requires C, 48-3; H, 3-1%). 

o-Iodobenzaldehyde.—The above anilide.(100 g.), suspended in dry toluene (100 c.c.), was 
heated with phosphorus pentachloride (65 g.) on the water-bath till hydrogen chloride was no 
longer evolved. The residue obtained by removal of the toluene and phosphorus oxychloride 
under reduced pressure on the water-bath was dissolved in the minimum quantity of ether and 
treated under reflux with anhydrous stannous chloride (120 g.) in dry ethereal hydrogen chloride 
(200 c.c.) with efficient ice-cooling (much heat was developed and resinous material formed if 
the reaction was not carefully controlled). After 2 hours’ standing with intermittent shaking, 
the ether was decanted, and the orange-yellow crystals added slowly with stirring to water and 
ether. The aldehyde was removed in steam [resinous material and anilide (15 g.) remained in 
the flask], taken up in ether, washed with aqueous sodium carbonate and water, and recovered 
from the dried solution; it had b. p. 129°/14 mm. (55 g.) and solidified on cooling (cf. Stuart, 
J., 1888, 58, 141; Willgerodt and Rieke, Ber.; 1905, 38, 1479). 

o-lodobenzaldehyde Diethylacetal._—o-lodobenzaldehyde (12 g.), orthoformic. ester (8 g.), and 
absolute alcohol (10 c.c.) were treated with dry powdered ammonium chloride (0-1 g.) and 
refluxed for 1-5 hours. After removal of the alcohol by distillation, the product was extracted 
in ether and washed with water containing a few drops of aqueous ammonia. After drying over 
potassium carbonate, the ether was removed, and the diethylacetal (12 g.) obtained by distilla- 
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tion as a light yellow oil, b. p. 159°/23 mm., n}%° 1-5428. When boiled with dilute hydrochloric 
acid, it was readily reconverted into the aldehyde. Treatment with copper-bronze in the 
Ullmann reaction did not give a homogeneous product, much resinification being apparent, so, 
in spite of the adverse experience of Mayer (Ber., 1911, 44, 2304), the direct reaction of o-iodo- 
benzaldehyde with copper was explored. 

Diphenyl-2 : 2’-dialdehyde.—Equal weights of o-iodobenzaldehyde and copper-bronze, in an 
inert atmosphere, were warmed slowly to 200—220°. A violent reaction set in and had to be 
controlled in order to avoid extensive resinification. Extraction of the reaction mass with 
ether, followed by distillation of the extracts, gave benzaldehyde (12%) (identified by the form- 
ation of its semicarbazone, and by its oxidation to benzoic acid), and diphenyl-2 : 2’-dialdehyde, 
b. p. 179°/2 mm., m. p. 63° (yield, 70%). 

o-lodophenylacetic Acid.—The conditions given by Raum (Ber., 1894, 27, 3233) for the 
preparation of o-iodobenzyl bromide required modification as follows: A flask filled almost 
completely with o-iodotoluene (153 g.) was heated at 220° in direct sunlight, and bromine (56 g., 
half the theoretical quantity) added at a constant rate (ca. 0-5 hour) on to the surface of the 
liquid. An efficient condenser was used. Distillation under reduced pressure gave o-iodo- 
toluene (40 g. after purification) contaminated with iodine, and o-iodobenzyl bromide (67-5 g., 
65%), b. p. 125°/4 mm., which solidified on cooling. This compound can be handled with 
reasonable facility if it is kept in closed flasks away from water vapour. An attempt to prepare 
the corresponding chloro-compound by the use of sulphuryl chloride failed, iodine being pro- 
duced (cf. Kharasch and Brown, J. Amer. Chem. Soc., 1939, 61, 2142). 

The bromide (112 g.), heated under reflux for 3 hours on the water-bath with potassium 
cyanide (75 g.) in alcohol, gave o-iodophenylacetonitrile (73-5 g., 80%), which was isolated by 
removal of the alcohol, ether extraction, and distillation, b. p. 140°/4 mm. The nitrile (72 g.) 
was heated for 2 hours at 170° with sulphuric acid (150 c.c.) and water (150 c.c.). Dilution with 
water and extraction with ether, followed by washing with alkali and addition of dilute hydro- 
chloric acid, gave o-iodophenylacetic acid in 80% yield, m. p. 114° (Dippy and Lewis, J,, 1936, 
646). Refluxed for 12 hours with alcoholic sulphuric acid, it gave the ethyl ester, b. p. 128°/3 mm., 
which formed colourless needles, m. p. 42—43°, from dilute acetic acid (Found: C, 41-3; H, 3-7. 
C,9H,,0,I requires C, 41-4; H, 3-8%). 

o-1 odocinnamaldehyde.—o-Iodobenzaldehyde (90 g.) in dry alcohol (100 c.c.) was added to a 
solution of acetaldehyde (33 g.; 2 mols.) in alcohol (150 c.c.). Dry diethylamine (1-5 c.c.) in 
alcohol (50 c.c.) was added to the ice-cold solution, and the whole left at room temperature 
(18°) for 3 days. After being just acidified with 2N-sulphuric acid, the solution was evaporated 
to about 125 c.c. and extracted with ether, and the extracts washed with water. The product 
was separated into two fractions boiling below and above 140°/3 mm. Redistillation of these 
fractions gave o-iodobenzaldehyde (50 g.), b. p. 102°/3 mm., and o-iodocinnamaldehyde (30 g.), 
b. p. 155°/3 mm., which crystallised from light petroleum in prisms, m. p. 78—79°. Oxidised 
with ammoniacal silver oxide, it gave o-iodocinnamic acid, m. p. 216—217° (Weitzenbock, 
Monatsh., 1913, 34, 193). 

1 : 4-Bis-o-iodophenyl-A**-butadiene (III).—o-lodophenylacetic acid (18-3 g.), 0-iodo- 
cinnamaldehyde (18 g.), lead oxide (7-8 g.), and acetic anhydride (10 c.c.) were heated under 
reflux at 150—160° for 5 hours (cf. Kuhn and Winterstein, loc. cit.). The liquid was left over- 
night in a beaker, the almost solid mass then diluted with a little cold acetic acid, and the liquid 
filtered. The product (14 g.) was washed with acetic acid (5 c.c.) and extracted with boiling acetic 
acid (50 c.c.); the material which crystallised on cooling was removed, and the solvent used 
again, until four or five lots of crystals had been collected. The undissolved material (10 g.) 
separated as an oil from pyridine, but crystallisation from dioxan or a large volume of xylene 
gave small colourless rhombohedra, m. p. 249—250° (Found: C, 42-0; H, 2-6. Cy,gHigl, 
requires C, 42:0; H, 26%). The material obtained from the acetic acid extractions was taken 
up in benzene, filtered, and caused to crystallise by the addition of about 20 c.c. of absolute 
alcohol, separating in yellow needles (2-5 g.), m. p. 180—181°, which, if left in contact with the 
mother-liquor, formed rhombohedra of the same m. p. It was much more soluble in organic 
solvents than the other product of the reaction and was isomeric with it (Found: C, 42-2; 
H, 2-6%). 

Attempts to cyclise 1 : 4-Bis-o-iodophenyl-A‘ ‘ *-butadiene.—(1) The isomer of m. p. 249—250° 
(3 g.) was dissolved in quinoline (5 c.c.) and heated until the latter was just refluxing. Copper 
bronze (3 g.) was then added in small portions, and the heating continued for 15 minutes. 
After thorough extraction with benzene, the quinoline was removed by washing with dilute 
hydrochloric acid, and the benzene evaporated. The product was mainly resinous, but repeated 
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treatment with small quantities of benzene left a small amount of a crystalline substance, 
m. p. 200—202° (Found: C, 56-3; H, 2-9. C,,H,,I, requires C, 58-0; H, 3-6%). 

(2) In the absence of quinoline and with a bath temperature of 280°, the same product was 
obtained, contaminated with a greater amount of resinous material. 

(3) The use of 53 c.c. of quinoline led to a much milder reaction. From the viscous reddish 
product, light petroleum extracted trans-1 : 4-diphenyl-A*‘ *-butadiene, identified by m. p. 
and mixed m. p. (yield, 17%). 

(4) With the isomer of lower m. p. reaction could not be initiated in quinoline solution. 
Treated with copper-bronze in an inert atmosphere at 300° for 15 minutes, however, this isomer 
yielded a viscous product, which could be partially purified by repeated precipitation from ethyl 
acetate with dry ethyl alcohol and was finally obtained with m. p. ca. 200° (Found: C, 69-0; 
H, 4:1. C,y,H,,l, requires C, 66-5; H, 4:2%). 

o-I odoacetophenone.—Sodium (12-5 g.) was added slowly to a cooled solution of ethyl aceto- 
acetate (76 g.) in dry ether (300 c.c.), followed after 12 hours by o-iodobenzoyl chloride (140 g.) 
in dry ether (150 c.c.); the mixture was refluxed for a short time. Filtration, followed by 
evaporation of the ether, left a dark brown condensation product. Hydrolysis of the product by 
dilute sulphuric acid (cf. Gevekoht, Annalen, 1883, 221, 323) was not complete after 7 hours’ 
heating, but yielded o-iodoacetophenone, b. p. 112°/4 mm., 2° 1-6180 (oxime, m. p. 
130—132°; Auwers, Lechner, and Bundesmann, Ber., 1925, 58, 50), and ethyl o-iodobenzoate, 
b. p. 122°/4 mm., 3! 1-5850, in approximately equimolecular proportion (the formation of the 
latter is evidently due to the presence of an O-o-iodobenzoyl derivative in the condensation 
product). These substances could be separated either by conversion of the ester into o-iodo- 
benzoic acid through saponification with dilute aqueous alcoholic alkali, or by treatment with 
hydroxylamine or semicarbazide and allowing sufficient time for complete formation to take 
place of the oxime or the semicarbazone, which separated from aqueous alcohol in colourless 
needles, m. p. 178-56—179-5° (Found: C, 35-9; H, 3-3. C,H, ,ON,I requires C, 35-7; H, 3-3%). 

The Action of Sodium on 2: 2'-Dibromodiphenyl.—(1) Sodium (1-5 g.) and 2 : 2’-dibromo- 
diphenyl (3 g.) were heated for 5 hours (protected from moisture), sublimed material being 
periodically shaken back into the flask. From the dark mass, ether extracted a brown viscous 
product, from which the only homogeneous substance isolable was a trace of diphenyl, separated 
by steam-distillation. ' 

(2) Sodium (15 g.) was sliced under xylene, washed several times with dry ether, and refluxed 
with dry ether (250 c.c.) for 24 hours. Dry 2 : 2’-dibromodipheny]l (10 g.) was then added, and 
the mixture refluxed for 10 days (protection from moisture). The ethereal solution was filtered 
from a high-melting substance containing halogen (cf. Dobbie, Fox, and Gauge, Joc. cit.) and 
evaporated, and the residue (4-5 g.) steam-distilled. The product (2 g.) was identified as 
diphenyl. 

(3) Similar experiments to the above, but with smaller amounts of ether as diluent, gave 
reduced yields of diphenyl, products of high molecular weight predominating. 

(4) 2: 2’-Dibromodipheny] (6 g.) in dry benzene (30 c.c.), after being refluxed for 4 days with 
** molecular ’’ sodium, was recovered unchanged. 
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85. The Dissociation Constants and Stereochemistry of some 
Stereoisomeric Dibasic Acids. 
By J. C. SPEAKMAN. 


Thermodynamic dissociation constants have been measured for some pairs of 
stereoisomeric dibasic acids, derived from cyclopentane, cyclohexane, tetrahydronaph- 
thalene, and dicyclohexyl. The results are discussed in relation to the stereochemistry 
of the acids, and with special reference to the consequences of the discovery that high 
potential barriers restrict ‘‘ free rotation’ about the single C-C bond. The hypo- 
thesis, generally accepted, that the barriers are so oriented as to favour the “ staggered ” 
configuration around each bond leads to a simple procedure for reckoning the average 
spatial separation of any two in a saturated and strainless system of carbon atoms. 
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Part I. 


AN approximate equation expressing the inverse relationship between the intercarboxyl 
distance in a symmetrically dibasic acid and the ratio of its first to its second dissociation 
constant was first derived by Bjerrum (Z. physikal. Chem., 1923, 106, 219); his treat- 
ment has since been refined by various authors (e.g., Ingold, J., 1931, 2179; Jones and 
Soper, J., 1936, 133; Kirkwood and Westheimer, J. Chem. Physics, 1938, 6, 506, 513; 
for further references see Greenspan, Chem. Rev., 1933, 12, 339). Difficulties are met in 
the attempt to apply this relationship accurately, and especially when the carboxyl 
groups are close together; but there is no doubt that it can give valuable information 
of an approximate kind on stereochemical problems (cf. e.g., Gane and Ingold, J., 1928, 
1594; 1931, 2153). In the present paper the thermodynamic dissociation constants of 
some pairs of cis-trans-isomerides are given, and their implications are discussed. 


EXPERIMENTAL, 


The author is indebted to Prof. R. P. Linstead, F.R.S., for providing specimens of cis- 
and trvans-cyclopentane-l-carboxylic-2-acetic acids (J., 1934, 960), of cis-cyclopentane-1 : 2- 
diacetic acid (J., 1934, 941), and of trans-cyclohexane-1 : 2-diacetic acid (J., 1935, 441); to 
Prof. R. D. Haworth for specimens of cis- and trans-tetrahydronaphthalene-2 : 3-dicarboxylic 
acids (J., 1940, 1321); and to Dr. A. H. Cook for an analytically pure specimen of trans-cyclo- 
pentane-1 : 2-diacetic acid (J., 1935, 440). The cis-cyclohexane-1 : 2-diacetic acid (m. p. 160°) 
was prepared by a two-stage oxidation (Kandiah, J., 1931, 947) of cis-B-decalol (m. p. 100— 
105°). All the acids, except the analytically pure specimen, were recrystallised from water 
or from water and ethyl acetate. 

Thermodynamic dissociation constants were measured at 20° by the method already 
described (J., 1940, 895). Results (averages of a number of determinations, and expressed 
as px = — log K) are given in Table I, the estimated accuracy being + 0-05 unit for px 
and + 0-03 for Apg. For comparison, the data of Ingold and Mohrhenn (J., 1935, 949) and 
of Wassermann (Helv. Chim. Acta, 1930, 18, 207, 223) for the cyclopentane-1 : 2-dicarboxylic 
acids, and those of Kuhn and Wassermann (ibid., 1928, 11, 62) for the cyclohexane-1 : 2-di- 
carboxylic acids are also included. 


TABLE I. 
Thermodynamic Dissociation Constants. 


Cis-. 








Acid. ° Pre 

cycloPentane-1 : 2-dicarboxylic (I. and M. at 25°) , 6-57 
“ - (W. at 19°) . 6-51 
cycloPentane-1-carboxylic-2-acetic acid , 5-79 
cycloPentane-1 : 2-diacetic ° 5-42 
Tetrahydronaphthalene-2 : 3-dicarboxylic , 6-47 
cycloHexane-1 : 2-dicarboxylic (K. and W. at 19°) ... 4 6-74 
cycloHexane-1 : 2-diacetic , 5-45 
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Discussion. 


Important implications for stereochemistry follow from the recognition (e.g., Kemp 
and Pitzer, J. Amer. Chem. Soc., 1937, 59, 276; Kistiakowsky and Nazmi, J. Chem. 
Physics, 1938, 6, 18; Aston, Chem. Rev., 1940, 27, 63) of high potential barriers (of the 
order of 3—4 kg.-cals./mol. in so simple a molecule as ethane, and probably larger in 
substituted ethanes) hindering “‘ free rotation ’’ about the single C-C bond. The physical 
evidence for these barriers applies mainly to molecules in the gaseous state, but it appears 
certain that similarly high barriers will occur when the molecule is in the solid state or 
in solution (cf. Lewis and Smyth, J. Chem. Physics, 1939, 7, 1085). It is not yet clear 
from the physical side whether the potential barriers in ethane are oriented so as to favour 
the azimuth corresponding to the “‘ opposed” or “‘ eclipsed”’ (I), or that corresponding 
to the “ staggered” or “‘ alternate ” (II), configuration round the C-C bond; but general 
considerations strongly support the latter (see Schomaker and Stevenson, J. Chem. 
Physics, 1940, 8, 637; Pitzer, Chem. Rev., 1940, 27, 44; Conn, Kistiakowsky, and Smith, 
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J. Amer. Chem. Soc., 1939, 61, 1872; however, see also Gorin, Walter, and Eyring, ibid., 
p. 1876; Eucken and Schafer, Naturwiss., 1939, 27, 122), which certainly represents the 
more stable state in some substituted ethanes (e.g., ethylene dihalides; see Beach and 
Palmer, J. Chem. Physics, 1938, 6, 639). In this connexion importance attaches to the 
deduction, made by Gane and Ingold (loc. cit., p. 2164) on the basis of their dissociation- 
constant measurements, that the carbon chain in the normal w-dibasic acids is a flat 
zigzag (i.e., in aqueous solution) ; for this state of the chain (ITI), occuring also in crystalline 
paraffin-chain compounds, requires the staggered (II) azimuth round each C-C bond. It 
is now suggested that the principal factor imposing this extended configuration is not 
a repulsion between the end groups (even when both are ionised, the coulombic potential 
will be relatively small when the distance apart of the groups exceeds 24—3 a. ; cf. Moelwyn- 
Hughes and Sherman, J., 1936, 103), but is rather the hindering potential around each 
bond. In ethane itself the potential barrier will have triad symmetry; but in poly- 


(I) ;, (IL) (IIL.) 
(IV.) | (Vv. | (VI.) | 


(VIL. | (VIL.) (IX.) : 


methylene chains there will presumably be an especially deep potential well favouring 
that azimuthal angle, at each C-C bond, corresponding to a flat zigzag (III) (cf. Pitzer, 
loc. cit.). 

According to the Sachse theory, the cyclohexane ring can exist in two “ puckered ” 
forms—the Z or “ chair,” and the C or “ boat.”’ If the above principles are accepted, it 
follows that the ring will be more stable in the Z form, in which all the C-C bonds possess 
the staggered configuration, than in the C form, in which two bonds possess the opposed 
configuration; the former should be the more stable by an energy difference of the order 
of 7 kg.-cals./mol. Thus, although the molecule when activated will be able to pass 
into the C form, and readily undergo the inversion of the Z form necessary to account 
for the non-occurrence of isomers of the 1 : 1-disubstituted cyclohexanes (e.g., Wightman, 
J., 1926, 2541), the normal state of cyclohexane and its derivatives will be one in which 
the ring has the Z form. This consideration simplifies Kuhn and Wassermann’s treat- 
ment (loc. cit., p. 57) of the stereochemistry of the cyclohexanedicarboxylic acids; for 
instance, instead of its being necessary to envisage three possible forms of the cis-1 : 2- 
isomer, one suffices (IV); and instead of five forms of the trans-isomer, only two (V and 
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VI), of which (V) can probably be eliminated because the additional effect of repulsion 
between the carboxyls favours (VI). If (IV) and (VI) are taken as the normal states 
of the cis- and trans-acids, the observed Ap, values are adequately accommodated. 
The stereochemistry of a tetramethylene chain fused on to a benzene ring in the 
einer (X) has been discussed by Mills and Nixon (J., 1930, 2515). They con- 
cluded that that arrangement of the atoms 1,2, 3, 4 corresponding (nearly) 
to half of the cyclohexane ring in its Z form is more stable than that corre- 
Oe 
C 10 
5 


sponding to the C form (with the atoms 1, 2, 3,4, coplanar, but inclined to 

— the plane of the benzene ring). In their calculations, the length of the 

bonds 9-1 and 10-4 was taken as 1-48 a.; if, instead, one uses 1-53 A., 

P “ which appears more likely (see Brockway and Robertson, J., 1939, 1324), 

their argument is reinforced.* Their conclusion is further strengthened if 

the staggered is accepted as the more stable configuration round the C-C bond. The 

fact that the difference between the Ap, values for the cis- and trans-2 : 3-dicarboxylic 

acids (Table I) is approximately equal to that for the cyclohexane-l : 2-dicarboxylic 

acids, and much larger than that for the cyclopentane-1 : 2-dicarboxylic acids, supports 

their conclusion again; for, were the atoms lI, 2, 3, 4 co-planar, conditions would resemble 
those in the cyclopentane, rather than those in the cyclohexane, diacids. 

With the cyclohexane-1 : 2-diacetic acids, on the other hand, the Ap, values are equal 
within experimental error—a result which recalls the similar situation found by Kuhn 
and Wassermann for the 1:3- and 1: 4-cyclohexanedicarboxylic acids. It can be 
attributed to the occurrence of those orientations about the bonds between the CH,*CO,H 
groups and the ring shown at (VII) for the cis-isomer, and of those shown at (VIII) and 
(IX) (the latter more probable) for the ¢vans-isomer. It is calculated (see Part II) that 
the distances between the carboxyl carbons are 5-8, 5-8, and 6-3 A., respectively. The 
distances between the effective charges on the ionised groups will be greater by some 
2-0 a. (see Gane and Ingold, Joc. cit., p. 2163), so that the expected difference between 
Ap x values is within experimental error. 

In the cyclopentane derivatives the situation differs in that this ring is probably planar, 
and consequently with opposed azimuths at each C-C bond. In the cts-1 : 2-disubstituted 
compound (but not in the ¢vans-) it seems possible that steric repulsion may cause slight 
distortion of the ring, by a rotation about the included C-C bond so as to approach a 
staggered orientation there. This would account for the unexpectedly small difference 
between the Ap, values found by Gane and Ingold. The still smaller difference indicated 
in Wassermann’s data is more difficult to account for. A similar distortion effect may 
occur in the cis-1 : 2-diacetic acid; along with an orientation of the acetic acid residues 
approximately as shown at (VII), (VIII), and (IX), it would account for the Af, value’s 
being practically the same as that for the ¢vans-acid. 

The cyclopentane-1-carboxylic-2-acetic acids occupy an intermediate position. Because 
their molecules do not possess the requisite symmetry, the Bjerrum principle is not strictly 
applicable to them; but, in fact, the small difference between the Ap, values accords 


well with the estimated distances between the carboxyl carbon atoms, viz., 4-4 A. for the 
cis-, 5-4 A. for the trans-isomer. 


Part II. 


EXPERIMENTAL. 


Apart from the possibility of isomerism due to restricted rotation about the central C-C 
bond, 2 : 2’-perhydrodiphenic acid is expected to exist in six stereoisomeric forms (Linstead 
and Walpole, J., 1939, 851; see also Chem. and Ind., 1937, 56, 510, for nomenclature). Through 
the kindness of Prof. Linstead, three acids (m. p.’s 289°, 244°, and 220°) were available for the 
present work. The first proved much too insoluble for measurements to be made on it. The 
other two had low solubilities in water (or aqueous alcohol); but, by boiling the solids with 
water in a Pyrex beaker for 10 miis., and filtering off the supernatant liquid at once, solutions 
(presumably supersaturated) were obtained of molar concentrations 0-002—0-0004. These 


* There are discrepancies between the lettering of Fig. 2 and that sometimes used in the text. 
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solutions were titrated potentiometrically at 20° in the manner described previously (J., 1940, 
895), and the resulting data led to intelligible and reproducible values for K, and Ky. 

Two objections might be raised to this procedure: (1) that traces of any acidic impurities 
in the solids would be preferentially extracted; (2) that the boiling might cause chemical 
changes in the acids. The first appears to be answered by the fact that consistent values for 
K, and K, resulted when the same portion of solid was used repeatedly; the second (which 
the chemical stability of these acids renders improbable anyhow), by the fact that solid material 
with essentially unchanged m. p. could be recovered from the solutions. 

Results (means of six determinations) are given in Table II. The accuracy, lower than 
that attainable with less insoluble acids, is estimated at + 0-2 for pg, and somewhat better 
in Apx. The Apx values suggest unequivocally that the carboxyl groups are effectively closer 
together in the 220° than in the 244° acid, and that in the latter they are about as far apart 
as those in unsubstituted adipic acid (Apx = 1-00). 


TABLE II. 
Thermodynamic Dissociation Constants at 20°. 


Perhydrodiphenic acid, m. p. = 
44° 


”” Lad a” 


DISCUSSION. 


If we apply the principles outlined in Part I, the ring system of the perhydrodiphenic 
acids should be capable of existing in two fundamental forms, (XI) and (XIV), with the 
possibility of an intermediate form. Of the two, (XIV) may be expected to be less stable 


(XI) (XII) (XII.) ( XIV.) 


because less extended. The potential barrier hindering rotation about the central C-C 
bond is likely to be considerably higher than that in ethane, and, if we postulate only 
staggered orientations, (XI) would give two other forms, (XII) and (XIII). Forms 
produced by the corresponding internal rotation of (XIV) appear to be improbable for 
steric reasons. 

It must be emphasised that oscillations about these positions will certainly occur. 
Moreover, by surmounting the intervening energy barrier a molecule will be able to pass 
from one form to another. In addition, various activated forms, with the six-membered 
rings in the C form for example, would be similarly accessible, and must be attained as a 
prelude to certain chemical decompositions. Nevertheless, it is suggested that, allow- 
ance being made for the possible occurrence of slight distortions due to steric influences, 
the above forms, and especially (XI), (XII), and (XIII), include the most stable average 
positions of the atoms. 

If the barriers separating (XI), (XII), and (XIII) were much higher than 15 kg.-cals./ 
mol., the possibility of isolating the forms would arise. -Claims to the isolation of stereo- 
isomeric forms of dicyclohexyl have indeed been made (Schrauth and Gorig, Ber., 1923, 
56, 1900; Zelinski, Schuikin, and Fatejev, J. Gen. Chem. Russia, 1932, 2, 671; Levina, 
Juriev, and Loschkomoinikov, ibid., 1937, 7, 341), but probably on inadequate evidence 
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(cf. Hiickel and Neunhoeffer, Annalen, 1930, 477, 99). Should such isomerism in fact 
occur, it appears more likely to arise through restricted rotation about the central bond 
than through fixation of the rings in C or Z forms, as supposed by the above authors. 
As, however, there is no evidence for the occurrence of this type of isomerism in the per- 
hydrodiphenic acids, its occurrence in dicyclohexyl is a fortiort improbable. 

The distances between two carbon atoms substituted in the 2 : 2’-positions have been 
worked out for each form of each isomer, and are shown in Table III. All valency angles 
have been taken as tetrahedral, and all C-C bond lengths as 1-54 a. It is true that the 
position of the charge on the carboxylate ion is about 1-0 a. beyond the carbon atom 
(Gane and Ingold, Joc. cit., p. 2153), but for this sufficient allowance can easily be made 
later if required. 

TABLE III. 


Calculated Inter-carboxyl Distances (A.) in Isomeric Perhydrodiphenic Acids. 
Form. 

Isomer. Zz . III. 

syn-Series. cis—cis- 5-25 (0) . 2-95 (1) 
cis—trans- . 1-54 — 
trans—trans- ° ; 2-95 (1) 

anti-Series. cis—cis- , ° 4-62 (2) 
cis—trans- ; 5-26 (1) 
trans—trans- “ , 4-62 (0) 


A notable simplification can be introduced into this calculation when it is realised that, 
according to the postulates made in the present paper, all inter-carbon distances must 
equal one or another of the inter-carbon distances in the diamond lattice, which belongs 
to the cubic system with lattice-complex Fd3m (a) (“ International Tables for the Deter- 
mination of Crystal Structure,” p. 369), and digg = 1-54/V/3 a., and may be regarded 
as a three-dimensional net-work of Z-form six-membered rings. When (as in the present 
example) the two carbon atoms whose spatial separation is required are connected by an 
even number of intervening atoms, the separation will equal some value of the expression 
Vi? + k® + 77(1-54//3), where the indices 4, k, and / must be odd integers; when, on the 
other hand, the number of intervening atoms is odd, h, k, and / must be even and their 
sum divisible by 4. These simple relationships should apply to any saturated, strainless 
system of carbon atoms, so long as the staggered azimuth (II) is preserved at each C-C 
bond. 

Were the orientations (XI), (XII), and (XIII) equally stable, and the contribution 
of (XIV) negligible, then the mean separation of carboxyl carbons would be the same 
(3-6 A.) for all six isomers. The data in Table II suffice to show that this is not so. Those 
forms with the intercarboxyl distance 1-54 A. can hardly occur, unless as a result of co- 
ordination between the groups. In some of the other forms one carboxyl, or both, are 
brought as near as 2-52 A. to the 2, or 6, carbon atom of the other ring; the numbers 
of such close approaches are added in parentheses in Table III. They may be expected 
to render the form less stable (cf. Pitzer, loc. cit.). 

In relation to the experimental data, the possible configurations are clearly too numerous 
to warrant any detailed discussion of the actual form assumed by the molecule of any 
particular isomeride. The dissociation constants given do not enable any safe conclusion 
to be drawn regarding the structure of the acids. If, however, the acid of m. p. 220° 
is the trans-syn-trans-, and the 244° acid the cis-anti-trans-isomer (as, according to a 
private communication from Prof. Linstead, seems likely at present), the above scheme 
enables an accommodation between dissociation constants and structures to be attained. 


THE UNIVERSITY, SHEFFIELD, 10. [Received, February 10th, 1941.] 
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86. Studies in Peroxidase Action. Part III. The Oxidation of 
Mesidine. 


By NorMAN B. CHAPMAN and BERNARD C. SAUNDERS. 


The system, dilute aqueous hydrogen peroxide and the enzyme peroxidase, has 
been shown to oxidise mesidine at room temperature and at py 4-:0—4-7 (dilute acetic 
acid solution). A reddish-purple coloration is produced immediately, and in the course 
of time a solid of similar colour separates. From this solid a highly crystalline purple 
compound has been isolated in high yield, and has been shown to be 2: 6-dimethyl- 
benzoquinone-4-(2' : 4’ : 6'-trimethyl)anil. Its formation involves the loss of a methyl 
group, and the oxidation may throw some light on the mechanism of peroxidase 
action. The compound has also been synthesised chemically. 

The action of hydrogen peroxide and ferrous sulphate (in place of the enzyme) 
on mesidine dissolved in dilute acetic acid is different from the reaction described 
above: only traces of the purple compound are obtained, the remainder of the product 
being ill-defined amorphous material. 


In Part I (P. J. G. Mann and Saunders, Proc. Roy. Soc., 1935, B, 119, 47) and Part II 
(Saunders and P. J. G. Mann, J., 1940, 769) the detailed investigation was recorded of the 
action of the enzyme peroxidase in the presence of dilute aqueous hydrogen peroxide 
on aniline and on #-toluidine respectively. The nature of the oxidation in each of these 
cases was necessarily complex because of the large number of “‘ free points ’’ in the molecule 
at which oxidation and condensation could take place : aniline gave rise to five compounds 
and #-toluidine to eight. 

This work has now been extended to mesidine (2 : 4 : 6-trimethylaniline) as substrate. 
Since this compound has only two free nuclear hydrogen atoms, it seemed likely that 
only a very restricted number of compounds could be produced, and that a knowledge 
of their constitution might throw some light on the mechanism of peroxidase oxidation. 

There is no reference in the literature to the action of the enzyme on this amine. For 
most of our experiments an enzyme preparation obtained from turnips (see F. G. Mann 
and Saunders, “ Practical Organic Chemistry,” p. 372) was used. In a few experiments 
we used a highly purified specimen of the enzyme prepared from horseradish (see Keilin 
and T. Mann, Proc. Roy. Soc., 1937, B, 122, 119). Similar reactions took place with 
each type of preparation, thus proving that the crude enzyme obtained from turnips is 
satisfactory for these oxidations. Control experiments were carried out with the enzyme 
in the absence of hydrogen peroxide, with the heat-inactivated enzyme in the presence 
of hydrogen peroxide, and with hydrogen peroxide alone. In all these cases no reaction 
was detectable, and therefore it may be concluded that the oxidations described below 
were brought about by peroxidase action. 

For most of the oxidations a 2% solution of mesidine in dilute acetic acid was used, 
the , being 4-0—4-7. An aqueous solution of the enzyme preparation was added to the 
amine solution, and hydrogen peroxide was added in small quantities at a time, since 
excess of it inhibits peroxidase action. The reaction mixture soon became deep reddish- 
purple, and gradually a reddish-purple solid separated. 

When crude enzyme preparations were used, this solid gave 85% of a purple crystalline 
compound, the remainder consisting of ill-defined amorphous material. With the more | 
highly purified enzyme preparation no amorphous material was formed, and the yield of 
the purple crystalline compound rose to 95%. Neither nitroso- nor nitro-compounds 
were detected, an observation which falls into line with our previous investigations on 
the enzymatic oxidations of aniline and of #-toluidine. The absence of 2: 4:6:2’: 4’: 6’- 
hexamethylazobenzene is noteworthy (see below). Chromatographic analysis of the 
crude oxidation product confirmed the absence of other compounds. 

The enzymatic oxidation was also carried out in a dilution of one part of amine in 
2,000 parts of solution with the same results, and this probably by no means represents 
the limit of dilution at which the reaction can take place. 

Elementary analysis and molecular-weight determinations showed that the purple 
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crystalline compound had the molecular formula C,,H,,ON, indicating that it was formed 
from two mesidine nuclei with the elimination of a carbon atom (as a methyl group). 
The conjecture was confirmed by hydrolysing the compound with 10% sulphuric acid, 
mesidine and 2: 6-dimethylbenzoquinone being produced. Thus the constitution 


_Me 
(I) Me 


o\_» TS 
ITI. 
(III) _ : sa 
Me 
of the purple compound appeared to be either 2 : 6-dimethylbenzoquinone-4-(2’ : 4’ : 6’- 
trimethyl)anil (I), or the corresponding 3: 5-dimethyl compound (II), for both would 
give the above hydrolysis compounds. The purple compound liberated iodine from 
acidified potassium iodide solution and was decolorised by aqueous-alcoholic sulphur 
dioxide. Reductive acetylation gave the colourless neutral diacetyl derivative of 4-hydroxy- 
2:6:2':4':6' (or 3:5: 2': 4’ : 6’)-pentamethyldiphenylamine (III). 
We synthesised the purple compound in good yield by condensing mesidine with 
2 : 6-dimethylbenzoquinone, thus definitely establishing the constitution as (I) or (II). 
We were also able to show that mesidine would not condense with duroquinone (2 : 3: 5: 6- 
tetramethylbenzoquinone), undoubtedly because of the influence of the o-methyl groups. 
Hence it is extremely probable that it is the >CO group at position 4 of 2 : 6-dimethyl- 
benzoquinone which reacts with mesidine, and therefore the purple compound has the 
constitution (I). Furthermore, the fact that 2 : 3 : 6-trimethylbenzoquinone reacts with 
only one molecule of hydroxylamine (Kehrmann, Ber., 1888, 21, 3315; J. pr. Chem., 
1889, 39, 392) indicates that 2 : 6-dimethylbenzoquinone must react at position 4 and not 
at position 1. Finally, we showed that mesidine would not condense with 5-nitroso- 
m-2-xylenol, and, the latter being assumed to be tautomeric with the monoxime form 
(IV), further evidence is provided in support of formula (I). 
The only recorded oxidation of mesidine is that by 
chromic anhydride and sulphuric acid (N6lting and Baumann, 
eas Ber., 1885, 18, 1151), dimethylbenzoquinone being produced. 
MeNC N= =O _ Lastly, we were able to produce evidence of a different 
gens kind in favour of formula (1). It is known (Kéchlin and 
Witt, Ber., 1883, 16, 2851; 1885, 18, 2931) that p-amino- 
dimethylaniline will condense with «-naphthol in the presence of certain oxidising agents 
(e.g., potassium dichromate), giving the compound (V). Employing similar conditions of 
oxidation, we carried out a series of experiments with the following results : 


Yield of purple 
Oxidation of compound, %. 
8 


, + m-2-xylenol (equimol. quantities) 


t Mesidine alone 
3 ; + m-5-xylenol (equimol. quantities) 


It follows then that, although mesidine gives rise to some of the purple compound, 
m-2-xylenol * is necessary for the formation of the compound in increased yield. The 
negligible yield in the presence of m-5-xylenol is significant, and all these facts suggest 
that formula (I) should be assigned to the oxidation product of mesidine by peroxidase. 

The product from the oxidation of mesidine with dilute hydrogen peroxide solution 
and ferrous sulphate as catalyst was shown to contain only traces of (I) and consisted 
mainly of ill-defined amorphous material. 

* The xylenol alone is oxidised by chromic anhydride to 3: 5: 3’ : 5’-tetramethyldiphenoquinone 
(4: 4’) (Auwers and Markovits, Ber., 1905, 38, 226). Hence in the reaction with mesidine, coupling 
probably takes place before oxidation. 

LL 
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With reference to the possible mechanism of the peroxidase oxidation of mesidine, 
the first point of interest is the absence of azomesitylene among the products. If the 
free radical CgH,Me,-NH> or CgH,Me,*N< is the primary product formed by the dehydro- 
genating action of the peroxidase system, then one might expect the production of the 
azo-compound in high yield, especially as the #-position in mesidine is blocked. The 
fact, however, that the free radicals would exhibit resonance and might not therefore 
couple up symmetrically (7.e., through the nitrogen atoms) must not be overlooked. We 
have, however, shown that mesidine in ethereal solution is oxidised in the cold by lead 
peroxide with the production of azomesitylene: these being the conditions used by 
Goldschmidt (Ber., 1920, 53, 35) in his experiments on amines which led him to formulate 
his free-radical hypothesis of oxidation. 

As we have seen, a methyl group is removed during the peroxidase oxidation of 
mesidine, a reaction which can be carried out at room temperature and at a dilution as 
high as one part of the amine in 2000 parts of solution. Therefore one explanation, though 
perhaps not very probable, is that dehydrogenation first produces the methylenequinone- 

Me imine (VI), followed by its conversion into 2 : 6-dimethylbenzo- 
= quinone. In support of this we have shown that the condensation 
CH, _>=NH between 2 : 6-dimethylbenzoquinone and mesidine is a very facile 
“Me one, and even takes place at dilutions corresponding to those em- 
ployed in the enzymatic oxidation. The hydrolysis of the imino- 
group of (VI) presents no difficulty, as it was shown that during the 
oxidation exactly 1 mol. of ammonia was produced from 2 mols. of mesidine. The more 
difficult problem is to account for the loss of the methylene group, which might be removed 
as formaldehyde by the hydrogen peroxide acting alone. Against this, however, it has 
not been possible to obtain any definite evidence of its formation during the reaction, 
and furthermore, we have shown that formaldehyde is destroyed only very slowly by 
hydrogen peroxide, even in the presence of peroxidase. A very tentative alternative 
view is that methane may be produced by the direct hydrolysis of the CH,:C< group, 
but we have no evidence for this. In any case the methylenequinone, which does not 
appear to have been described, would undoubtedly be a very reactive compound. 


(VI.) 


EXPERIMENTAL. 


The Enzyme Preparation.—(A) A crude product (containing some ammonium sulphate) 
was prepared as indicated on p. 496, and 0-3 g. was ground with 20 c.c. of water, and the sus- 
pension centrifuged. (B) A purer product (of purpurogallin number about 120), free from 
ammonium sulphate and colloidal matter, was prepared according to the method of Keilin 
and T. Mann (loc. cit.), and 0-05 g. dissolved in 20 c.c. of water for use. 

Oxidation of Mesidine by Peroxidase.—Mesidine was prepared from nitromesitylene (‘‘ Organic 
Syntheses,” 14, 68) and had b. p. 232—-233°. Mesidine (10 g.) and glacial acetic acid (11-5 c.c.) 
were mixed with water (500 c.c.), and the mixture thoroughly shaken. Glacial acetic acid 
was then added drop by drop until a clear solution was just formed, the pg being approximately 
4:7. To this solution were added hydrogen peroxide (1 c.c., 20-vol.) and enzyme solution A 
(4 c.c.), and the mixture well shaken. A pale red coloration was produced immediately and 
gradually deepened to a dark red. Hydrogen peroxide was then added at the rate of 1 c.c. 
per ? hour until in all 40 c.c. had been added. At 3-hourly intervals further quantities (of ca. 
2 c.c.) of enzyme solution were added. Ultimately a reddish-purple solid separated, and when 
reaction was complete this was filtered off, washed free from acetic acid, and dried. Yield 9 g. 

Identical colour changes were observed on using enzyme preparation B, but the solid 
which separated was crystalline. Control experiments showed that no coloration or pre- 
cipitate was produced by treating mesidine with hydrogen peroxide (20-vol.) alone or together 
with boiled enzyme solution or ammonium sulphate solution, or with enzyme solution alone. 

The Solid Oxidation Product.—The crude product (5 g.) was steam-distilled, and a residue 
(0-75 g.) of non-volatile, ill-defined amorphous material remained (when preparation A was 
used, see p. 496). The steam-volatile portion condensed to a purple solid (4-25 g.) which 
recrystallised from aqueous alcohol in glistening purple plates, m. p. 97° (azomesitylene has 
m. p. 75°). 

The compound (I) was readily soluble in most organic solvents, sublimed under reduced 
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pressure, and became colourless on reduction either with aqueous-alcoholic sulphur dioxide 
or with zinc dust and dilute acetic acid. It liberated iodine from acidified potassium iodide 
solution, and with nitrous acid gave neither a diazonium compound nor a nitrosoamine (Found : 
C, 80-3; H, 7-2; N, 5-6; M, semi-microebullioscopic in 2-81% chloroform solution, 240. 
C,,H,,ON requires C, 80-7; H, 7-5; N, 56%; M, 253). 

Examination of the Filirate—Enzyme preparation B was used. (a) Aliquot portions of 
the filtrate (1155 c.c.) were boiled with sodium hydroxide, and the ammonia evolved absorbed 
in N-sulphuric acid (Found: NHs;, 0-25 g. Calc., on assumption of 100% yield of purple 
compound : NH;, 0-26 g.). (5) In the case of incomplete oxidations, an oil was precipitated by 
alkali, and consisted of unchanged mesidine and some of the oxidation product; in the most 
complete oxidations the filtrate contained only traces of organic matter. (c) The Schiff- 
Elvove reagent (Snethlage, Chem. Weekblad, 1929, 26, 611) gave a positive reaction for form- 
aldehyde, whereas 2 : 4-dinitrophenylhydrazine and dimedone failed to give the corresponding 
derivatives of formaldehyde. : 

Reductive Acetylation of 2: 6-Dimethylbenzoquinone-4-(2' : 4’ : 6'-trimethyl)anil (I).—The 
compound (0-2 g.) was dissolved in excess of acetic anhydride and 1 drop each of pyridine 
and acetic acid and 0-5 g. (excess) of zinc dust were added. After being heated under reflux 
for 20 minutes, the mixture was decolorised; it was then filtered hot from the excess of zinc, 
and poured into ice-water. An oil separated which, on standing and scratching, solidified. 
The solid so obtained was recryctallised from a concentrated solution in methyl alcohol until 
pure, colourless leaflets of the ON-diacetyl derivative of 4-hydroxy-2 : 6: 2’ : 4’ : 6'-pentamethyl- 
diphenylamine (III) were obtained : m. p. 143° (Found: C, 74:2; H, 7-4; N, 4-9. C,,H,,0,N 
requires C, 74-3; H, 7-4; N, 41%). The compound was neutral, and not readily hydrolysed 
by n-sulphuric acid. 

Hydrolysis of the Anil (1).—The anil (0-5 g.) was heated under reflux with sulphuric acid 
(30 c.c., 10%) for 30 minutes. An oil distilled in the steam and solidified as yellow crystals 
on the condenser walls. The solid was washed out with acetone, the acetone evaporated, 
and the resultant solid recrystallised from light petroleum, forming bright yellow needles, 
m. p. 72°. It sublimed readily, decomposed on standing, and gave a mixed m. p. of 72-5° 
with an authentic specimen of 2 : 6-dimethylbenzoquinone, m. p. 72°, prepared according to 
the method of Nélting and Baumann (loc. cit.). 

The residual acid liquid did not contain any steam-volatile substance, but when it was 
basified and steam-distilled, an oil was obtained; this was extracted with ether, the extract 
dried (potassium hydroxide), and the ether distilled off. A pink oil remained and was acetylated 
by 50 mins.’ boiling with excess of acetic acid and anhydride (equal vols.), pouring into water, 
and recrystallisation of the resulting solid from alcohol; colourless needles, m. p. 217—218°; 
mixed m. p. with authentic acetylmesidine (m. p. 217—218°), 218°. Hence the products of 
hydrolysis were mesidine and 2 : 6-dimethylbenzoquinone. 

Condensation of 2: 6-Dimethylbenzoquinone with Mesidine.—{i) Under the conditions of the 
enzymatic oxidation. Mesidine (0-1 g.) was dissolved in a mixture of a water (10 c.c.) and 
glacial acetic acid (0-2 c.c.). Dimethylbenzoquinone (0-1 g.; ca. 1 mol.) was added with 
shaking, a trace of acetone being added to ensure complete solution of the quinone. The 
mixture was kept for 2 days, and the supernatant liquid then poured off, and the residual 
solid recrystallised from aqueous alcohol; it formed lustrous purple plates, m. p. 96°; mixed 
m. p. with the anil (I) prepared by enzymatic oxidation, 95°. 

(ii) Without a solvent. On addition to mesidine of an equal weight of 2 : 6-dimethylbenzo- 
quinone, an immediate purple coloration was produced; it was not destroyed by the addition 
of solvents, thus showing that a “ true’ compound and not a molecular compound had been 
formed. The product on crystallisation from aqueous alcohol gave purple crystals, m. p. 96°; 
mixed m. p. with (I), 96°. 

Reaction between Mesidine and Duroquinone.—Equimolecular quantities of the two reactants 
were melted together, and a red coloration was produced. This was, however, discharged on 
addition of light petroleum, showing that only a molecular compound had been produced 
(cf. Jackson and Clarke, Amer. Chem. J., 1905, 34, 441). 

Oxidation of a Mixture of Mesidine and m-2-Xylenol by Chromic Acid.—Mesidine (1-35 g., 
0-01 mol.) and m-2-xylenol (1-22 g., 0-01 mol.) were suspended in water (136 c.c.), and sodium 
hydroxide (0-45 g.) dissolved in water (4 c.c.) was added. The mixture was well shaken and 
then a solution of potassium dichromate (0-85 g.) in water (30 c.c.) was added. The whole 
was vigorously shaken and kept at room temperature for 45 minutes, during which there was 
no change of colour. The mixture ‘was acidified with glacial acetic acid and shaken at room 
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temperature for 12 hours. The product was made strongly alkaline and extracted with ether. 
The ether was dried and distilled, a deep red oil (A) remaining. The aqueous layer was acidified 
with dilute sulphuric acid and extracted with ether, which on distillation left a brown oil (B). 

The oil (A) was distilled in steam, and a purple solid obtained (0-65 g.; 26%) which crystal- 
lised from aqueous alcohol in reddish-purple plates, m. p. 96°; mixed m. p. with (I), 97°. The 
oil (B) was shaken with sodium carbonate solution ‘to remove acetic acid, and the aqueous 
layer extracted with ether. The ether was distilled, and on steam-distilling the residue a 
small quantity (about 0-1 g.) of unchanged m-2-xylenol was obtained. Some tarry material 
remained after the steam-distillation. 

A mixture of mesidine and m-5-xylenol was similarly oxidised; the oil (A) gave only 0-025 g. 
of steam-distilled purple solid (1% yield). When mesidine (2-7 g.) was oxidised in this manner 
it gave an oil (A) as above, from which 0-19 g. of steam-distilled, purple solid was obtained 
(8% yield). 

Oxidation of Mesidine by Hydrogen Peroxide and Ferrous Sulphate.—To a solution of mesidine 
(3-3 g.) in water (100 c.c.) and glacial acetic acid (11-8 c.c.) were added hydrogen peroxide (0-3 c.c. ; 
20-vol.) and ferrous sulphate (1 c.c. of 3% aqueous solution). A reddish coloration was pro- 
duced and hydrogen peroxide was added at the rate of 0-3 c.c. per # hour until in all 15 c.c. 
had been added. Further quantities of about 0-5 c.c. of ferrous sulphate were added at 
3-hourly intervals. The product consisted of a mixture of a dark red solid and a considerable 
amount of tarry matter. These were worked up separately and found to contain only traces 
of the purple anil (I) together with much brown, amorphous material. 

Oxidation of Mesidine in Ethereal Solution by Lead Peroxide.—Mesidine (3 g.), anhydrous 
ether (220 c.c.), glacial acetic acid (9 c.c.), and dry lead peroxide (30 g.) were mixed and shaken 
in a stoppered bottle for 4 hours. The mixture was then filtered from inorganic matter, and 
the ethereal solution washed with sodium carbonate solution, dried, and evaporated; the 
partly crystalline mass obtained was dissolved in light petroleum and submitted to chromato- 
graphic analysis upon aluminium oxide, the continuous elution apparatus of Mann and Saunders 
(J., 1940, 772) being used. A lower red band on elution with light petroleum and subsequent 
concentration gave pure crystalline azomesitylene, m. p. 75°. An upper yellow band, eluted 
with benzene, gave on evaporation only traces of an unidentified crystalline material. 


We are indebted to the Chemical Society for a grant which covered the cost of most of 
the materials required for the investigation. We*also wish to thank the Department of 
Scientific and Industria] Kesearch for a maintenance grant, and Magdalene College for a Bye- 
Fellowship held by one of us (N. B. C.). 
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87. 4: 5-Methylenedioxychrysene. 


By Linpsay H. Briccs and Miss JEAN M. WILson. 


4: 5-Methylenedioxychrysene has been synthesised according to the method of 
Weitzenbiéck and Lieb. 


Owinc to the relation of chrysene to cyclopentenophenanthrene, the nucleus of which is 
present in many compounds of physiological importance, experiments have been com- 
menced on the synthesis of its unsymmetrical derivatives, of which very few are known. 
The synthesis of 4 : 5-methylenedtoxychrysene described below follows the well-known Pschorr 
pattern as applied by Weitzenbéck and Lieb (Monatsh., 1912, 38, 556) to chrysene itself. 
eee eeu condenses with the potassium salt of a-naphthylacetic acid in the 
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presence of acetic sina a form 2-nitro-4 : 5-methylenedioxy-a-1'-naphthylcinnamic 
acid. This is reduced by ammoniacal ferrous sulphate to the corresponding amine (I), 
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diazotisation of which, followed by treatment with copper powder and copper bronze in 
the presence of sodium hypophosphite (cf. Ruggli and Staub, Helv. Chim. Acta, 1937, 20, 
37), affords 4 : 5-methylenedioxychrysene-l-carboxylic acid (II). This gives 4 : 5-methyl- 
enedioxychrysene on distillation at 0-04 mm. in the presence of copper bronze. 


EXPERIMENTAL. 


a-Naphthylacetonitrile-—To a solution of «-chloromethylnaphthalene (Anderson and Short, 
J., 1933, 485; Coles and Dodds, J. Amer. Chem. Soc., 1938, 60, 853) (101 g.) in hot alcohol 
(200 c.c.), potassium cyanide (37 g.) in alcohol (40 c.c.) and water (75 c.c.) was added, and the 
mixture refluxed for 7 hours. The alcohol was then distilled off, the residue extracted with 
ether, and the a-naphthylacetonitrile obtained therefrom as a colourless liquid, b. p. 183—187°/13 
mm., in 87% yield, On standing, it solidified to a white waxy solid, m. p. 32—33°,. Wislicenus 
and Wren (Ber., 1905, 38, 507) obtained a 40% yield by this method and Wislicenus and 
Elvert (Ber., 1916, 49, 2820) record m. p. 5°, The nitrile was converted into the acid according 
to Mayer and Oppenheimer (ibid., p. 2139). 

2-Nitro-4 ; 5-methylenedioxy-a-1'-naphthylcinnamic Acid.—6-Nitropiperonal (20 g.) and the 
potassium salt of a-naphthylacetic acid (23 g.) were heated at 100° in acetic anhydride (100 c.c.) 
for 25 hours, and the mixture poured into water (1500 c.c.) and kept for 24 hours. The aqueous 
layer was decanted, and the resinous mass extracted repeatedly with potassium carbonate 
solution. From the hot extracts, potassium 2-nitro-4 : 5-methylenedioxy-a-1'-naphthyl- 
cinnamate separated in yellow plates. The acid, liberated from a suspension of the potassium 
salt in water by hydrochloric acid and twice crystallised from dilute alcohol, formed yellow 
plates, m. p. 203-5—206-5° (yield, 54%) (Found: C, 66-2; H; 3-5. Cy 9H,,0,N requires C, 
66-1; H, 3-6%). 

2-A mino-4 : 5-methylenedioxy-a-1'-naphthylcinnamic Acid (1).—The nitro-acid (20 g., 1 mol., 
in 25% aqueous ammonia, 420 c.c.) was reduced with ferrous hydroxide (hydrated ferrous sul- 
phate, 108 g., 7 mols.; water, 320 c.c.; concentrated aqueous ammonia, 25 c.c.), a further 
145 c.c. of concentrated aqueous ammonia being added during 1} hours. After cooling, the 
sludge was separated and extracted three times with dilute aqueous ammonia, and the combined 
filtrate and washings acidified with acetic acid. The voluminous yellow precipitate, which 
rapidly became green, was filtered off, redissolved in boiling dilute aqueous ammonia (charcoal), 
cooled, and made acid to methyl-red with acetic acid, The green solid separating was filtered 
off; the filtrate, made more strongly acid with acetic acid, deposited a yellow solid in 43% 
yield. After two crystallisations from dilute alcohol 2-amino-4 : 5-methylenedioxy-a-1'-naphthyl- 
cinnamic acid formed pale yellow needles, m. p. 161-5—163-5° (decomp.) (Found: C, 72-2; 
H, 4-5. Cy9H,,0,N requires C, 72-1; H, 45%). 

4: 5-Methylenedioxychrysene.—The amino-acid (7-2 g.), dissolved in a mixture of dioxan ° 
(190 c.c.) and alcohol (250 c.c.), was diazotised at 25—30° by the addition of concentrated 
sulphuric acid (1-65 c.c.), followed by amyl nitrite (4 c.c.) during 30 minutes, with mechanical 
stirring. The deep red solution was added with stirring to a suspension of copper powder 
(Gattermann) and copper bronze in a solution at 45° of sodium hypophosphite (22-6 g.) in water 
(23 c.c.), the temperature being gradually raised to the b. p. during the addition. The filtered 
solution was concentrated to half volume by distillation and poured into dilute sodium hydr- 
oxide solution (2000 c.c.), and the mixture boiled with charcoal and acidified with hydrochloric 
acid. The brown amorphous product (6-7 g,) was soluble in a]l the usual solvents except light 
petroleum and could not be crystallised, It (0-58 g.) was mixed with copper bronze (0-25 g.) 
and heated at 0-04 mm. in a small flask with a finger condenser placed ca. 1 cm. above the solid. 
Between ca. 200° (m. p.) and 240° a yellow crystalline solid slowly sublimed (0-17 g.). After 
two crystallisations from glacial acetic acid (charcoal) 4 : 5-methylenedioxychrysene was obtained 
in colourless prisms, m. p. 222—223° (Found: C, 83-7; H, 4:5. C,,H,,O, requires C, 83-8; 
H, 4.4%). The picrate, prepared in benzene solution and recrystallised from the same solvent, 
formed orange-red needles, m. p. 202—202-5°. 


We are indebted to Mr. G. Dingley, M.Sc., for the preparation of a-naphthylacetonitrile and 
to the Australian and New Zealand Association for the Advancement of Science and to the 
Chemical Society for grants. , 
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Cook, Downer, and Hornung : 


88. The Preparation of Diarylmaleonitriles. 
By A. H. Coox, J. Downer, and B. Hornunc. 


The direct linkage of 1-naphthylacetonitrile residues to give a dinaphthylmaleo- 
nitrile proved impracticable, although such linkage proceeds readily with phenylaceto- 
nitrile. The difficulty was surmounted by converting 2-methoxy-1l-naphthylchloro- 
acetonitrile into a pyridinium salt and thence into an enimine-betaine; the latter 
decomposed on heating into the desired maleonitrile. The behaviour of other halogeno- 
acetonitriles is described, but the reaction only takes the above course when arylhalo- 
genoacetonitriles are used. 


So far the only substituted maleonitriles to have been prepared and converted into pigments 
of the phthalocyanine type have been diphenylmaleonitrile and its pp’-dinitro-derivative 
(Cook and Linstead, J., 1937, 931). The present work was directed towards the preparation 
of other such dinitriles. 

Attempts were first made to apply the satisfactory method of preparing diphenyl- 
maleonitrile, 7.e., by the action of iodine and alkali on phenylacetonitrile, to other aceto- 
nitriles. In view of the ot inaccessibility of 1-naphthylacetonitrile attention 


CN-C———C-CN 


was turned to the preparation of 2: 2’-dimethoxy-1 : 1’-dinaphthylmaleonitrile (I) from 
the hitherto unknown 2-methoxy-1-naphthylacetonitrile. 

2-Hydroxy-l-naphthaldehyde was reduced by amalgamated aluminium to 2-hydroxy- 
1-naphthylcarbinol, 2 : 2’-dihydroxy-1 : 1’-dinaphthylmethane, and a small amount of a 
highly crystalline solid to which structure (II) was assigned; the last was characterised 
as its dimethyl ether. The production of a dinaphthylmethane is noteworthy, though the 
formation of the same compound by a similar reduction of 2-hydroxy-l-naphthaldehyde 
has been reported earlier (Betti and Mundici, Gazzetta, 1906, 36, II, 659). 2-Hydroxy- 
l-naphthylcarbinol could not be converted into 2-hydroxy-l-naphthylmethyl bromide or 
iodide and we turned therefore to a similar series of reactions with methoxynaphthalene 
derivatives. 

2-Methoxynaphthalene, trioxymethylene and hydrogen chloride in glacial acetic acid 
at 20° afforded an excellent yield of 2-methoxy-1-chloromethylnaphthalene. As was expected, 
the chloromethyl group entered the 1-position, as hydrolysis afforded the known 2-methoxy- 
l-naphthylcarbinol. At higher temperatures an amorphous, apparently polymeric 
material was formed, and a similar material was obtained by heating the monomeric 
chloromethyl compound to 120°, hydrogen chloride being evolved. Hydrogen chloride 
was also removed by alcoholic silver nitrate at 30° to yield s.-2 : 2’-dimethoxy-1 : 1'-di- 
naphthylethylene. This was not identical with the dimethyl ether of (II), but its absorption 
spectrum was practically superposable on that of (II) and of the dimethyl ether of (II) ; 
the two ethers are probably cis- and tvans-isomerides with relative stabilities not infrequently 
encountered among isomeric stilbenes. The reactivity of the chlorine atom in 2-methoxy- 
1-chloromethylnaphthalene was in other ways remarkable. Manske and Ledingham 
(Canadian J. Res., 1939, 17, B, 14; see also Cambron, ibid., p. 10) observed that the action 
of methyl-alcoholic potassium cyanide on 1-chloromethylnaphthalene afforded not only 
the corresponding nitrile but also 1-naphthylmethyl methyl ether; moreover the nitrile 
yielded a bimolecular product on saponification. Similarly treatment of 2-methoxy- 
1-chloromethylnaphthalene at 30° with sodium bicarbonate in acetone solution yielded 
2-methoxy-1l-naphthylcarbinol, and the action of alcoholic alkali at 40° yielded the corre- 
sponding ethyl ether. This recalls the facile prepariiag of l-naphthylmethyl ethyl 
ether from 1-chloromethylnaphthalene, alcohol, and calc carbonate (D.R.-P. 516,280). 
2-Methoxy-|-naphthylacetonitrile was obtained by the action of potassium cyanide in aqueous 
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acetone at room temperature on the chloride. It was hardly surprising in view of the 
reactivity mentioned above that this nitrile failed to yield the desired diarylmaleonitrile 
on treatment with bromine or iodine and bases under the most diverse conditions. Bromin- 
ation in chloroform in presence of calcium carbonate yielded a homogeneous monobromo- 
compound; this was, however, not the potentially useful methoxynaphthylbromoaceto- 
nitrile, for it failed to react with pyridine as did the authentic chloroacetonitrile described 
below. The original route had therefore to be abandoned and we next attempted the 
preparation of 2-methoxy-l-naphthylchloroacetonitrile with the object of removing the 
elements of hydrogen chloride (compare the conversion of phenylchloroacetonitrile into 
diphenylmaleonitrile). 

2-Methoxy-l-naphthaldehyde readily formed a cyanohydrin. Treatment of the latter 
with thionyl chloride in benzene at room temperature gave a bimolecular product which 
was free from chlorine and was formulated as di-2-methoxy-l-naphthylcyanomethyl ether 
(III). At higher temperatures the action of thionyl chloride in benzene either on the 
cyanohydrin itself or on (III) led to 2-methoxy-1-naphthylchloroacetonitrile. This chloro- 


Con 
gx) e - - L J ‘hal (v.) 
CN-CH—O—CH-CN emg 4 


compound was very sensitive and little success attended attempts to convert it into the 
maleonitrile until it was found that it reacted readily with pyridine to give a crystalline 
quaternary salt. The latter underwent no noticeable change on boiling with pyridine, nor 
did it provide any well-defined product on dry distillation. On addition of alkali to its 
aqueous solution, however, a stable orange solid was obtained, which was reconverted into 
colourless salts by treatment with acids. This solid was free from halogen and analysis 
showed that it was not the base with the pyridine ring opened as in Zincke’s anils. On 
the contrary, it was readily soluble in organic solvents and gave intense violet-red colours 
with picric acid, trinitrobenzene, trinitrotoluene, and styphnic acid; it was formulated, 
therefore, as the enimine-betaine (IV), like similar compounds prepared by Kréhnke 
(Ber., 1939, 72, 83). This betaine, on distilling in a high vacuum at 150°, decomposed into 
pyridine and the required dinitrile. Some 2-methoxy-1l-naphthylacetonitrile was produced 
possibly by dehydrogenation of part of the reacting melt by the intermediate radical (V) : 


(IV) —> C,H,N + 


Me; 2 


CN-Cm 
(V.) 

Chromatographic examination of the crude dinitrile revealed at least two distinct 
components. Analysis showed these to be isomeric and there is little doubt that they 
are stereoisomeric forms of 2 : 2’-dimethoxy-1 : 1'-dinaphthylmaleonitrile. Both on heating 
with copper or copper salts gave products of intense green colour in pyridine solution 
with strong absorption of light at 6250 a. The octanaphthylporphyrazines so formed 
await detailed examination. 

This behaviour of an enimine-betaine led us to enquire whether other similar compounds 
would undergo analogous decomposition. The betaine from pyridine and w-bromoaceto- 
phenone (Kréhnke, Ber., 1935, 68, 1184), sublimed at 150°/0-001 mm., readily afforded 
s.-dibenzoylethylene and we therefore attempted analogous preparations of other maleo- 
nitriles. ! 

CyanomethylpyridiniuntMloride gave on treatment with alkali an unstable yellow-red 
betaine, which was characterised by the formation of an orange benzoyl derivative. Neither 
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the betaine, which was so unstable as to make thorough trial impossible, nor its benzoyl 
compound decomposed to give a dinitrile. Further, neither cyanomethylpyridinium 
chloride nor acetamidopyridinium chloride afforded any dimeric product on heating. 
«-Chloropropionitrile also gave a pyridinium salt and thence an unstable betaine, but this 
also could not be decomposed in the desired way. On the other hand, phenylchloro- 
acetonitrile reacted with pyridine to give a crystalline salt and thence with alkali a moderately 
stable product possessing enimine-betaine properties (cf. Kréhnke, Ber., 1939, 72, 88). 
On dry distillation this gave a good yield of diphenylmaleonitrile. It appeared, therefore, 
that dimerisation proceeds only with arylhalogenoacetonitriles. This was confirmed in 
that the betaine from «-chloro-$-phenylpropionitrile afforded an almost theoretical yield 
of cinnamonitrile. Again, cinnamaldehyde cyanohydrin was converted into a chloronitrile, 
from which a characteristic pyridinium salt or betaine was not obtained. On standing, 
however, the chloronitrile gave a chlorine-free dimeric product agreeing in analysis with a 
dinitrile. This had no colour or fluorescence, as would be expected of a dicinnamyl- 
maleonitrile, and as it yielded no porphyrazine pigment it was regarded as a cyclised 
dimeride, 2 : 5-diphenyldihydroterephthalonitrile. Onreverting to the arylacetonitrile type a 
substituted maleonitrile was again obtained. Anisaldehyde cyanohydrin gave a chloro- 
nitrile, and this at a low temperature a pyridinium salt. Although the last afforded an 
insoluble enimine-betaine with aqueous alkali and this decomposed to pp’-dimethoxydt- 
phenylmaleonitrile, it was unnecessary to prepare the betaine, for the pyridinium salt 
decomposed in the desired manner equally readily. Qualitative experiments showed that 
pp’-dimethoxydiphenylmaleonitrile also gives a porphyrazine on heating with iron to 
280—300°. 
EXPERIMENTAL. 

2-Hydroxy-l-naphthaldehyde (29 g.) was boiled overnight in moist ether (300 c.c.) with 
amalgamated aluminium (15 g.) (Vogel, J., 1927, 597), and the product treated with hydro- 
chloric acid. The ethereal solution on slight concentration deposited needles of 2 ; 2’-dihydroxy- 
1: 1'-dinaphthylethylene, m. p. 252° after recrystallisation from carbon tetrachloride (yield, 
310 mg.) (Found; C, 84:9; H, 5-0. C,,H,,O, requires C, 84-7; H,5-1%). Methylation of this 
compound with caustic soda and methyl sulphate afforded 2 : 2’-dimethoxy-1 : 1'-dinaphthyl- 
ethylene, which formed needles, m. p. 222°, from ethanol (Found: C, 84:7; H, 5-9. C,,H,,O, 
requires C, 84-8; H, 5-9%). It was more soluble in chloroform, carbon tetrachloride, benzene, 
and ether than the parent compound, but both dissolved in concentrated sulphuric acid, giving 
deep orange colorations. Light absorption in light petroleum: Maxima, 3420, 29104.; in- 
flexion, 2800; Ej%, = 185, 217, 303 respectively. The ethereal solution obtained after 
separation of the dihydroxydinaphthylethylene deposited, on further concentration, first, 
2: 2'-dihydroxy-1:: 1’-dinaphthylmethane and then 2-hydroxy-1-naphthylcarbinol (24 g.). 

Trioxymethylene (10 g.), suspended in glacial acetic acid (150 c.c.), was treated with dry 
hydrogen chloride until a clear solution was obtained, 2-Methoxynaphthalene (25 g.) in acetic 
acid (250 c.c.) was then added, and a rapid stream of hydrogen chloride again introduced, the 
temperature being kept below 15° throughout. On standing overnight, pure 2-methoxy- 
1-chloromethylnaphthalene (21 g.) separated; it was washed with water and crystallised from 
alcohol (Found : Cl, 17-0. C,,H,,OCI requires Cl, 17-2%). It decomposed with elimination of 
hydrogen chloride at 120°. It was treated in acetone solution for some hours with warm 
aqueous sodium bicarbonate, and the whole then concentrated under reduced pressure and diluted 
with cold water. After standing, the crystalline deposit was extracted with alcohol, and the 
extract evaporated; the residue crystallised from water to give 2-methoxy-1-naphthylcarbinol, 
m. p. 100°, identical with the product of Jacobs and Heidelberger (J. Biol. Chem., 1915, 20, 
674). 

When 2-methoxy-1-chloromethylnaphthalene was warmed with dilute alcoholic alkali at 
40° for several hours, it was converted into 2-methoxy-1-naphthylcarbinyl ethyl ether, an oil, b. p. 
173—175°/12 mm. (Found: C, 77:3; H, 7-6. C,,H,,O0, requires C, 77-8; H, 74%). 

2-Methoxy-1-chloromethylnaphthalene (18 g.), dissolved in acetone (600 c.c.), was kept for 
1 hour with potassium cyanide (12 g.) in water (300 c.c.) at 30—35°. The solution was con- 
centrated under reduced pressure to one third of its volume and diluted with water. 2-Methoxy- 
1-naphthylacetonitrile (16 g.) was filtered off after 1 hour and recrystallised from acetone—water ; 
it had m. p. 111° (Found: N, 7-3. C,,H,,ON requires N, 7-1%).* 

2-Methoxy-1-chloromethylnaphthalene (1 g.) in acetone (10 c.c.) was added to silver nitrate 
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(1-4 g.) in alcohol (240 c.c.) and kept for 24 hours at 30°. The bulk of the alcohol was removed 
in a vacuum, and the product filtered off and extracted with ether. The solid residue from the 
ethereal extract was recrystallised from light petroleum. The @-form of 2: 2’-dimethoxy- 
1: 1'-dinaphthylethylene had m. p. 145° (Found: C, 85-0; H, 6-0; M, cryoscopic in camphor, 
310. CygHyO, requires C, 84-8; H, 59%; M, 340). Light absorption in light petroleum : 
Maxima, 3380, 2960 a.; inflexion, 2830; Ej%, = 180, 270, 300 respectively. Like the a-form, 
this also gave an orange coloration with concentrated sulphuric acid. Both forms were un- 
saturated towards tetranitromethane, but neither was appreciably changed by exposure to 
ultra-violet light in benzene solution. 

2-Methoxy-1-naphthylacetonitrile was treated with bromine (1 mol.) in chloroform solution 
in presence of suspended calcium carbonate. The bromine quickly disappeared at room 
temperature; the chloroform solution yielded an oil which rapidly solidified and was recrystal- 
lised from chloroform. Bromo-2-methoxy-1-naphthylacetonitrile had m. p. 145—146° (Found : 
Br, 29-4. C,,;H,,ONBr requires Br, 29-1%). 

2-Methyl-1-chloromethylnaphthalene (5 g.) was added to a saturated solution of potassium 
cyanide in 85% alcohol (500 c.c.), and the whole boiled overnight. The product was con- 
centrated under reduced pressure to 100 c.c., and water (400 c.c.) and sodium chloride added. 
The 2-methyl-1-naphthylacetonitrile that separated had m. p. 78° after crystallising from light 
petroleum (Found: N, 7-5. (C,,;H,,N requires N, 7-7%). When much water was used in the 
cyanisation step, the corresponding alcohol, 2-methyl-l-naphthylcarbinol, was formed, m. p. 
137—138° after crystallisation from benzene (Found: C, 83-6; H, 7-3; M, cryoscopic in 
camphor, 160. C,,H,,O requires C, 83-7; H, 70%; M, 172). This substance lost water at 
100° in a vacuum, but could be reconverted into the chloride by alcoholic hydrogen chloride 
at room temperature. 

2-Methoxy-1-naphthaldehyde (10 g.) in alcohol at 50° was treated with almost saturated 
sodium bisulphite solution (100 c.c.). After 1—2 hours the bisulphite compound was filtered 
off and added with stirring to a concentrated solution of potassium cyanide (20 g.) in water. 
After 1 hour the solid cyanohydrin was separated and crystallised from benzene; it had m. p. 
111° (lit., 112°). 

The cyanohydrin (1-1 g.) in benzene (30 c.c.) was treated with thionyl chloride (3 c.c.) at 
room temperature and after 30 mins. light petroleum (40 c.c.) was added. The precipitate, 
recrystallised from benzene, had m. p. 121°; it was free from chlorine and was formulated as 
di-2-methoxy-1-naphthyleyanomethyl ether (III) (Found: N, 6-6; M, cryoscopic in camphor, 
391, 361, 389. C,,.H,,O,N, requires N, 6-85% ; M, 408). When this compound or the original 
cyanohydrin was boiled with excess of thionyl chloride for 20 mins., and the solution then evapor- 
ated, 2-methoxy-1l-naphthylchloroacetonitrile was obtained (yield, 50% of the theoretical) ; 
crystallised from benzene, it had m. p. 130° (Found: N, 6-1. C,,H,ONCI requires N, 6-2%). 
This chloronitrile (1:7 g.) was dissolved with slight warming in pyridine (6 c.c.); 2-methoxy- 
l-naphthylcyanomethylpyridinium chloride, which slowly separated, had m. p. 165° (slight 
decomp.) and crystallised from a large volume of benzene or benzene containing a little alcohol 
(Found: Cl, 11-3. C,gH,,ON,Cl requires Cl, 11-3%). This chloride (1 g.) was dissolved in 
water (20 c.c.) and added to a well-stirred 10% solution of sodium carbonate (50 c.c.). The 
orange precipitate of 2-methoxy-l-naphthylcyanomethylpyridinium enimine-betaine, crystallised 
from benzene-alcohol, had m. p. 150° (decomp.) (Found: N, 10:2. C,,H,,ON, requires N, 
10-2%). The enimine-betaine was heated at 200°/0:001 mm. Pyridine was liberated and two 
sublimate fractions were collected. The more volatile fraction was 2-methoxy-1l-naphthy]l- 
acetonitrile identical (m. p. and mixed m. p.) with the nitrile described above; the less volatile 
sublimate in benzene solution was filtered through an aluminium oxide chromatographic 
column. The topmost band was resinous and was not further examined; the middle zone 
gave the a-form of 2: 2’-dimethoxy-1 : 1'-dinaphthylmaleonitrile, which formed pale yellow 
needles, m. p. 255°, from benzene (Found: N, 7-3. C,,.H,,0,N, requires N, 7:2%). The lower 
adsorption band afforded the §$-form, which separated from benzene in pale yellow needles, 
m. p. 290° (mixed m. p. with the a-compound, 230—235°) (Found : N, 7-2%). The yield of these 
nitriles was 5% of each. They were produced in very much smaller yield by heating the above 
pyridinium chloride. The nature of these products was confirmed by heating with ferric 
chloride to 300°. Solutions of the melts in pyridine showed a very intense absorption band at 
6250 a. characteristic of iron porphyrazine pigments. 

Chloroacetonitrile (25 g.). was kept with pyridine (33 c.c:) overnight. The crystalline 
deposit was filtered off (more was obtained by allowing the filtrate to stand), washed with 
ether, and recrystalliséd from alcohol and benzene, forming long colourless rods, m. p. 178°. 
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Cyanomethylpyridinium chloride was exceedingly deliquescent, this fact almost certainly account- 
ing for the low nitrogen content (Found: N, 17-4. C,H,N,Cl requires N, 18-1%). On addition 
of potassium hydroxide or carbonate to a solution of the chloride in water the yellow betaine 
was precipitated. It was moderately easily soluble in organic solvents, but easily resinified 
and could not be crystallised. Cyanomethylpyridinium chloride (2-4 g.) and benzoic anhydride 
(3-6 g.) in chloroform (25 c.c.) were shaken with a solution of potassium carbonate (10 g.) in 
water (30 c.c.). The clear red chloroform solution was washed with water and evaporated. 
The product, identical with Kréhnke’s w-cyanophenacylpyridinium benzoate (Ber., 1939, 72, 
83), was obtained as a bright yellow solid; crystallised from ethyl acetate, it had m. p. 145° 
(Found: N, 12-4. Calc. for C,,H,,ON,: N, 12-5%). 

Chloroacetamide (11 g.) was heated to boiling with pyridine (20 c.c.) and allowed to cool. 
The resulting acetamidopyridinium chloride, recrystallised from benzene—methanol, formed 
white needles, m. p. 202—203° (Found: N, 16-3. C,H,ON,Cl requires N, 16-3%). It gave no 
betaine with alkali. 

Phenylchloroacetonitrile was treated with pyridine (1-5 equivs.) and kept for 2 days. The 
clear viscous liquid was stirred with benzene, and the crystalline salt recrystallised from chloro- 
form, forming fine white needles. «-Cyanobenzylpyridinium chloride separated in a solvated 
condition. On drying at 95°, the solvate melted and then resolidified. The free compound 
had m. p. 159° (Found: N, 11-9. (C,,;H,,N,Cl requires N, 12-1%). The red enimine-betaine 
(cf. Kréhnke, loc. cit.) was sublimed at 120° ina vacuum. The major and less volatile part of 
the sublimate consisted of diphenylmaleonitrile (yield, ~50%). A smaller yield (10%) was 
obtained by distilling cyanobenzylpyridinium chloride in a vacuum. 

Phenylacetaldehyde cyanohydrin (10 g.) (best obtained by allowing redistilled phenyl- 
acetaldehyde to stand with dry hydrogen cyanide overnight in presence of piperidine; the 
solid product may then be used directly), dissolved in benzene, was added slowly to phosphorus 
pentachloride (18 g.) covered by benzene and cooled in ice. The temperature was slowly raised 
until all phosphorus halide had dissolved. The mixture was poured on ice, and the benzene 
solution washed with sodium carbonate solution, dried, and fractionated. «-Chloro-8-phenyl- 
propionitrile was obtained as a colourless oil, b. p. 128—130°/13 mm. (yield, 62%) (Found: 
N, 8-1. C,H,NCl requires N, 8-4%). When the nitrile was boiled with quinoline (10 g.), 
and the red viscous product stirred into benzene, a quantitative yield of quinoline hydro- 
chloride was obtained. The filtrate was washed with dilute sulphuric acid and fractionated, 
giving a practically quantitative yield of cinnamonitrile, b. p. 120—130°/13 mm., identified by 
hydrolysis with caustic alkali to cinnamic acid. 

Cinnamaldehyde cyanohydrin (15 g.) was added slowly to thionyl chloride (12-3 g.) cooled 
in ice, and the reaction completed by gentle warming. The product was twice fractionated 
in a vacuum, the fraction, b. p. 130—140°/15 mm., being collected. This was evidently mainly 
«-chloro-y-phenylvinylacetonitrile, but it could not be obtained pure, as it continually deposited 
colourless halogen-free crystals, probably 2: 5-diphenyldihydroterephthalonitrile. The latter 
separated from methanol in needles, m. p. 114° (Found: N, 9-9. C,9.H,,N, requires N, 10-0%). 

Anisaldehyde cyanohydrin (12 g.) was slowly treated with thionyl chloride (10% excess over 
the theoretical quantity) with cooling. Reaction was completed by warming, and the product 
twice fractionated, giving p-methoxyphenylchloroacetonitrile (7 g.), b. p. 153—155°/13 mm. 
(Found: N, 7:8. C,H,ONCI requires N, 7-7%). The residue in the distillation flask was sub- 
limed in‘a vacuum. The crystalline sublimate separated in almost colourless leaflets, m. p. 
186—187°, from methanol. A pyridine extract of the melt obtained on heating with iron at 
300° was intensely green and showed characteristic porphyrazine spectral absorption bands 
(6320, 5800 a.). This product, pp’-dimethoxydiphenylmaleonitrile (Found : N, 9-6. C,,H,,0,N, 
requires N, 9-6%),-was also obtained by the direct action of pyridine on methoxyphenylchloro- 
acetonitrile. 
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89. Addition of By-Unsaturated Alcohols to the Active Methylene Group. 
Part III. Scope and Mechanism of the Reaction. 


By M. F. CARROLL, 


A study of the action of various alcohols on compounds containing an active 
methylene group at 150—250° in the presence of an alkaline catalyst has shown that 
only #y-unsaturated alcohols give normal addition products. An apparently similar 
reaction occurs with some fy-unsaturated alcohols and certain aromatic alcohols. The 
mechanism of these reactions is discussed, and the results applied to explain some 
analogous reactions. 

The reactivity of groups attached to the active methylene group is in the order : 
CH,(CO,R), > R-CO-CH,-CO,R’ > R-‘CO-CHR’-CO,R” > R-CO-CH,°COR’. 


ETHYL acetoacetate and fy-unsaturated alcohols give unsaturated ketones as final products 
of the reaction (J., 1940, 704, 1266). The work already reported was part of a more ex- 
tensive study of the reaction between alcohols and compounds containing an active methyl- 
ene group. It is now shown that only #y-unsaturated alcohols give addition products, 
but the results for other alcohols are given, as these show the effect of the carbinol group 
alone. 

The procedure consists in heating the reactants in presence of sodium acetate. Other 
alkaline catalysts, ¢.g., sodium ethoxide, potassium hydroxide, have the same effect. The 
mechanism of the reaction is more complicated than was thought, and the products ob- 
tained from ethyl acetoacetateand an alcohol ROH were EtOH, CO,,CH,°CO,R, CH,°CO’CH,, 
CH,°CO-CH,R (or R’ where rearrangement occurs), and the olefin from ROH. Ethyl 
malonate and #y-unsaturated alcohols give the unsaturated acid R(or R’)*CH,°CO,H. 
The Table shows the mol. % of ester, ketone, olefin, and acid. 


(1) Ethyl Acetoacetate and Saturated Alcohols. 


Ester. Ketone. Olefin. 
Ethyl alcohol 
Butyl alcohol 
Heptyl alcohol 
Benzyl alcohol 
Phenylethyl alcohol 
Anisyl alcohol 
Phenylmethylcarbinol 
Phenylmethylethylcarbinol 


xp. 
1 
2 
3 
4 
5 
6 
7 
8 


Smowoooco 


(2) Ethyl Acetoacetate and Unsaturated Alcohols. 


Allyl alcohol 
Methallyl alcohol 
Crotyl alcohol 
Methylvinylcarbinol 
Geraniol 

Linalool 

Cinnamyl alcohol 
Phenylvinylcarbinol 
isoPulegol 


aoc: Bocce 
o 


(3) Ethyl Butylacetoacetate and Unsaturated Alcohols. 


Methallyl alcohol 49 
Cinnamyl alcohol 40 
Linalool 10 


(4) Ethyl Malonate and Unsaturated Alcohols. 


Allyl alcohol 6% unsaturated acid 
Crotyl alcohol 13% 
Cinnamy]l alcohol 66% 
Phenylvinylcarbinol 51 op 


7 The results given in section (1) of the Table may be regarded as an extension of the work 
of Arndt and co-workers (Ber., 1936, 69, 2373), who investigated the formation of dehydro- 
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acetic acid from ethyl acetoacetate. Arndt represents the course of this reaction as 
follows : 


2CH,CO-CH,CO,Et == EtOH + CH,C(:CH-CO,Et)-O-CO-CH,*CO-CH, 3 (A) 
—> CH,‘C:CH-CO (B)+ EtOH . (1) 
O-CO-CH-CO-CH, 


With alcohols which readily undergo alcoholysis the ethyl group of (A) is replaced by the 
R of the alcohol ROH, and ethyl alcohol distils quantitatively. At a higher temperature 
decomposition ensues with the formation of the products tabulated above. If ROH is 
volatile, R is removed as the alcohol, leaving dehydracetic acid or its decomposition 
products, but if ROH is sufficiently high-boiling, it remains in equilibrium with (A) and 
becomes acetylated. This explains the low ester number for heptyl alcohol, as this alcohol 
(b. p. 177°) distils slowly during the reaction. High-boiling alcohols such as benzyl and 
phenylethyl alcohol give the maximum amount of ester, and the figure (50% approx.) 
suggests that the acetyl group of (A) or (B) is the effective acetylating agent. Acetone 
is produced in every case, particularly at the higher temperature, and is probably formed 
from (A). 

Section (2) of the Table shows that the lower ®y-unsaturated alcohols behave in regard 
to ester and ketone formation in the same way as the lower saturated alcohols do in regard 
toester formation. Exp. 17 shows that the addition does not take place with y8-unsaturated 
alcohols. The effect of Sy-unsaturation is seen from a comparison of butyl and crotyl 
alcohols, the b. p.’s of which are nearly the same. The effect of substituents is shown 
by two alcohols of the same b. p. : methylvinylcarbinol with an «-substituent gives more 
ketone than methallyl alcohol with a @-substituent. 


I a 
y «  o» CHyCO-CH,C-CHIC 2... (2a) 
(:CH-¢-OH eli 
C:CH-(-CHyCOCH, . . . . . (28) 


Addition to the active methylene group may take place in two ways, the normal or 
y-addition and the “transposed” or a-addition (2b). The reaction (2a) proceeds more 
readily than (26), which gives less ketone but more ester. The alcohols in section (2) 
give only a single addition product, with the possible exception of linalool, but exps. 23 and 
24 provide some evidence of «- and y-addition in each case. 

The occurrence of a-addition introduces complications in the mechanism of the re- 
action. The experimental conditions do not favour anionotropic change (cf. Burton and 


(:CH-C-OH = (oncud Jie «si 


Ingold, J., 1928, 906) and linalool and geraniol show no interconversion under similar 
conditions. The a-addition may be represented 


E ‘CH é| + [CHyCO-CH-CO,Et]- —> CH,-CO- cH(e-c: d, CO,Et . (4) 


but it is necessary to postulate an « —~> y shift to account for the y-addition. This 
mechanism fails to explain the behaviour of the linalool-geraniol pair, as the y-addition 
product is formed at a much lower temperature than the «. Also, the shift should yield 
mixtures of «- and y-addition products in all cases, but it was shown (loc. cit.) that the 
cinnamy] alcohol—phenylvinylcarbinol pair each gave only one compound, the correspond- 
ing y-addition product. 
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Two different mechanisms are therefore involved, y-addition taking place before 
removal of the hydroxyl group, 


b CH: d. ‘OH + CHyCO-CH,:CO,Et —> 


CH,-CO- cH(e-cH,on.c0,8 —> CHyCO-CHyC-CH:C (5) 


whereas «-addition takes place according to (4). 

A similar explanation may be given of the results of Bergmann and Corte (J., 1935, 
1363), who rearranged ethyl §-cinnamyloxycrotonate by heating to 260° and obtained 
mainly the «-addition product, together with some of the normal product. 


CH,‘CO-CH-CO,Et 


3 he eid 

CH,:C:CH-CO,Et ee os CH,*CH:CHPh ) 
O-CHyCH:CHPh ==, CH,-CO-CH-CO, Ft ee 
CHPh-CH:cH, - « * () 


Using ammonium chloride at 140°, Lauer and Kilburn (J. Amer. Chem. Soc., 1937, 
59, 2856) found only the normal compound (65). The former authors regard (6a)-as the 
normal product, but in the analogous rearrangement of the phenyl allyl ethers the normal 
reaction corresponds to (6b). Although in the latter reaction an abnormal rearrangement 
with addition at the §-carbon atom has been observed by Lauer e¢ al. (J. Amer. Chem. 
Soc., 1936, 58, 1388 e¢ seg.), compounds corresponding to equation (4) are not formed, and 
they are only produced in other reactions by a simple ionic mechanism, ¢.g., by the action 
of cinnamy] halides on phenols in the presence of alkali and non-polar solvents. 

Benzyl alcohol may be regarded as a By-unsaturated alcohol, the y-carbon corresponding 
to the o-position; e¢.g., benzylmagnesium chloride and formaldehyde give o-tolylcarbinol 
(Tiffeneau and Delange, Compt. rend., 1903, 187, 537; Gilmour and Breuer, J. Amer. 
Chem. Soc., 1934, 56, 1127). But none of the aromatic alcohols in section (1) of the Table 
gave addition products with ethyl acetoacetate. In this connection it may be noted that 
phenyl benzyl ethers do not give the phenyl allyl ether rearrangement (Hurd, ‘‘ Pyrolysis 
of Carbon Compounds,” p. 222). Fosse’ (Compt. rend., 1907, 145, 196, 1292) has shown, 
however, that some di- and tri-phenylcarbinols react ‘with the active methylene group, 
but this reaction is similar to (4) and no mention is made of o-substitution products. Some 
of this work was repeated with and without catalysts, but no o-substitution was observed. 
Triphenylcarbinol and ethyl malonate gave ®B£-triphenylpropionic acid as the only acidic 
product, and with ethyl acetoacetate only triphenylmethane could be isolated. Benzyl 
alcohol and butyl malonate, on prolonged refluxing, gave a small quantity of the «-addition 
product, 6-phenylpropionic acid. Hence it may be concluded that y-addition occurs only 
when certain groups are present on the «- or y-carbon atom of Sy-unsaturated alcohols, 
and «-addition is due to activation by the By-double bond or by $-aromatic substituents. 

Ethyl butylacetoacetate with the alcohol ROH gives EtOH, CO,, CH,*CO-CH,Bu, 
CH,°CO,R, CH,°CO-CHBuR (or R’), and CH,Bu-CO,Et. The constitution of the un- 
saturated ketone was not determined. In exp. 20 a small amount of an alcohol similar 
to, but not identical with, geraniol was obtained. The same alcohol was obtained 
previously from linalool and ethyl acetoacetate. 

The acids obtained in exps. 21 and 22 were small in amount, gave no solid derivatives, 
and quickly resinified; hence accurate analysis was not possible. Good yields of un- 
saturated acids were obtained in exps. 23 and 24, cinnamylacetic acid being the main 
product in each case,-and from the mother-liquors an oily acid was obtained which gave 
approximately the same equivalent and was probably a mixture of Peper ares acid and 
§-phenyl-A’-pentenoic acid. 

Apparently the active methylene group must have at least one adjacent carboxyl 
group, since with dibenzoylmethane and cinnamyl alcohol there was no addition at the 


double bond. Instead a good yield of acetophenone and cinnamyl benzoate was obtained. 
MM 
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EXPERIMENTAL. 


Materials.—The preparation of the alcohols used in exps. 11—16 is described elsewhere, those 
used in exps. 7 and 8 were prepared by the Grignard reaction, and the remainder were high grade 
technical products. All were distilled before use. Ethyl butylacetoacetate was made from 
butyl bromide and ethyl acetoacetate. 

Saturated Alcohols and Ethyl Acetoacetate-—General procedure. 1 G.-mol. each of the alcohol 
and ethyl acetoacetate and 1 g. of sodium acetate were heated slowly to 200—220° and main- 
tained at this temperature for 3 hours. The distillate, mainly ethyl alcohol, contained some 
acetone and ethyl acetate. Carbon dioxide was evolved in every case. The residue was 
washed with dilute alkali solution to remove unchanged acetoacetate and distilled. The 
ester content of the whole distillate was determined by saponification with n/2-alcoholic potash. 
The distillate was hydrolysed with alkali, and the olefin and alcohol separated by fractional 
distillation. Titration with hydroxylamine solution showed no significant amount of ketone 
other than acetone. 

Example: The first distillate from the benzyl alcohol experiment (No. 4) gave a mixture 
containing ethyl alcohol (0-95 mol.), acetone (0-11 mol.), and ethyl acetate (0-02 mol.). The 
second distillate (114 g.) contained 59% of benzyl acetate (= 0-46 mol.) and on hydrolysis gave 
94 g. of benzyl alcohol (= 0-87 mol.). 

Unsaturated Alcohols and Ethyl Acetoacetate.—The procedure was the same as above, except 
in exps. 9—12. It was necessary to reflux for a longer time to complete the alcoholysis. The 
ethyl alcohol formed was distilled off occasionally, and more of the unsaturated alcohol added 
to replace that lost by entrainment. When the theoretical amount of ethyl alcohol had distilled, 
the temperature was raised to 200°; pyrolysis then commenced and a mixture of alcohol, 
acetate, acetone, and unsaturated ketone distilled. The acetone was removed by fractional 
distillation, and the ester and ketone in the residue estimated as above. : 

Unsaturated Alcohols and Ethyl Butylacetoacetate—Exp. 18. The methallyl ester was pre- 
pared by alcoholysis and then heated to 220° for 3 hours. During this time a mixture of 
methallyl alcohol (0-26 mol.), acetate (0-27 mol.), and methyl amyl ketone (0-10 mol.) distilled. 
On vacuum distillation the residue gave 0-26 mol. of methallyl hexoate and 22 g. of unchanged 
acetoacetate. No unsaturated ketone was found. 

Exp. 19. The mixture was maintained at 240° for 5 hours after removal of ethyl alcohol 
(0-93 mol.). The residue was vacuum-distilled and gave methyl amyl ketone (0-15 mol.), a 
mixture of cinnamyl alcohol (0-2 mol.) and acetate (0-13 mol.), and a fraction, b. p. 150—170°, 
containing cinnamyl hexoate (0-39 mol.) and an unsaturated ketone. On hydrolysis this gave 
hexoic acid, cinnamyl alcohol, m. p. 30—32°, and the ketone, b. p. 155—160°/2 mm., which 
contained 91% of C,,H,,0, determined by titration with hydroxylamine. 

Exp. 20. The reaction required only 2 hours at 210°, ethyl alcohol (0-9 mol.) distilling con- 
tinuously during this time. The residue on distillation gave methyl amyl ketone (0-22 mol.), 
linalool (0-23 mol.), and an ester—ketone fraction, which on hydrolysis yielded hexoic acid 
(5 g.), an alcohol (21 g.), C,~H,,O, b. p. 95—101°/4 mm., n?” 1-4750, and an unsaturated ketone 
(52 g.), b. p. 160—165°, n>” 1-4708, a? 0-847, which contained 96% of C,,H,,O (by titration). 

Exps. 21 and 22. After the alcoholysis was complete, the temperature was maintained at 
220—230° for 3 hours. A mixture of ethyl alcohol and acetate, unsaturated alcohol and acetate 
distilled during this time. The residue was hydrolysed by boiling with aqueous alkali and steam- 
distilled. The solution was acidified with excess of hydrochloric acid and boiled until carbon 
dioxide was no longer evolved. On extraction with ether the unsaturated acid was obtained. 
The acid from exp. 21 contained 93% of C,H,O, and that from exp. 22 96% of C,H,,0, (titration). 
No solid derivatives could be obtained from either. 

Exp. 23. 0-2 G.-mol. each of the alcohol and ethyl malonate and 0-5 g. of sodium acetate 
were heated at 200—230° for 3 hours; a total of 0-27 mol. of ethyl alcohol distilled. The residue 
was dissolved in 100 c.c. of alcohol, 30 c.c. of aqueous 40% sodium hydroxide solution added, 
the whole boiled for 2 hours and cooled, and the precipitate filtered off. The liquid was 
evaporated to dryness, the residue taken up in hot methanol and cooled, and the liquid filtered. 
The bulked solids were dissolved in water, excess of hydrochloric acid added, and the whole 
boiled. The acid obtained (13 g.) had m. p. 90—91° after crystallisation (Found: M, by 
alkali titration, 179. Calc. for cinnamylacetic acid: M, 176). This acid, prepared for com- 
parison from cinnamy] chloride and ethyl malonate, had m. p. 91—91-5°, mixed m. p. 90—91°. 
By the same treatment the methyl-alcoholic filtrate gave an oily acid (10 g.) (Found : M, 180), 


which on oxidation with alkaline permanganate gave benzoic acid, probably formed from the 
cinnamylacetic acid still present. 
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Exp. 24. With the same conditions and quantities as in exp. 23, 0-26 mol. of ethyl alcohol 
distilled, and the solid acid (15 g.) had m. p. 89—90°, mixed m. p. 90—91°. 5G. of the oily acid 
were obtained. 

Benzyl Alcohol and Butyl Malonate.—0-5 G.-mol. of each and 2 g. of sodium acetate were 
heated at 220—230° for 6 hours; during this time butyl alcohol (0-61 mol.) and acetate (0-11 mol.) 
distilled. The residue yielded 5 g. of an oily acid, which on distillation gave 8-phenylpropionic 
acid, m. p. 45—47° (anilide, m. p. 96—97°). 

Dibenzoylmethane and Cinnamyl Alcohol.—0-1 Mol. of the diketone and 0-165 mol. of the 


alcohol gave 0-083 mol. of acetophenone, 0-082 mol. of cinnamyl alcohol, and 0072 mol. of 
cinnamyl benzoate. 


The author is indebted to Messrs. A. Boake, Roberts and Co., Ltd., for permission to publish 
this work, and to students of the Hackney Technical Institute for their help with some of the 
experiments. 


TecunicaL LaBoratory, A. Boake, Roperts & Co., Ltp., 
Lonpon, E. 15. [Received, May 15th, 1941.) 





90. The Separation of Ozone from Other Gases. 
By J. L. Epcar and F. A. PANETH. 


A method is described for the determination of ozone in a concentration of only a few 
parts in a hundred million parts of other gases. It is based on the condensation of 


ozone on the surface of specially prepared silica gel, and its separation from other 
gases by fractional distillation. 


THE experiments to be described were undertaken with the intention of developing a 
reliable chemical method for the determination of atmospheric ozone. The main diffi- 
culty of this problem is the high degree of dilution in which ozone occurs in air—only a 


few parts in a hundred million. Previous methods brought the ozone in this low con- 
centration into contact with the reagents. Such a procedure is, however, inaccurate as 
the contradictory results found by different observers indicate; the recent careful work 
of Guéron and Prettre (Bull. Soc. chim., 1936, 8, 295, 1841; J. Roy. Met. Soc., Supp. to 
Vol. 62, 2, 1936) has, revealed the reasons for this failure. Sometimes it even remained 
doubtful whether the oxidising atmospheric agent thus measured was actually ozone, since 
the identification, at its best, was confined to the proof that this agent could be destroyed 
by substances known to react with ozone. It was obvious that much greater reliability 
would be achieved if the ozone were first concentrated by separating it, without loss, 
from the other constituents of the atmosphere and only using it for a quantitative chemical 
reaction after it had been thus isolated. 

It was found that by passing ozone, in any degree of dilution, over silica gel cooled 
in liquid oxygen, the ozone can be frozen out quantitatively; that it can be recovered, 
without decomposition, by afterwards raising the temperature of the silica gel; that 
this distillation offers a method of separating it from nitrogen dioxide and hydrogen 
peroxide, the other oxidising agents that might be present in air; and, finally, that the 
concentration of ozone thus obtainable from the atmosphere is sufficient for its safe 


identification by chemical and spectroscopic methods, and for its exact measurement 
(cf. Nature, 1988, 142, 112, 571). 


EXPERIMENTAL. 

(1) The Determination of Ozone.—Before any investigation on the quantitative separation 
- of highly diluted ozone from other gases could be started, it was necessary to ascertain whether 
the method applied for its determination was giving results strictly comparable within a wide 
range; the question of the correctness of the absolute values of the measurements could, for 

the time being, be neglected. 
A survey of the literature made it seem likely that the method of Ladenburg and Quasig 
Ber., 1901, 34, 1184; 1903, 36, 115, 1903) could be trusted. These authors recommend the 
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absorption of ozone in a neutral solution of potassium iodide, whereby part of it liberates 
iodine, 2KI + O, + H,O = I, + O, + 2KOH, while another part produces iodate, KI + 
30, = KIO, + 30,. If, after the complete absorption of the ozone, sulphuric acid is added, 
the iodate produced by the second reaction is decomposed by the excess iodide and again 
liberates iodine, KIO, + 5KI + 3H,SO, = 3K,SO, + 3H,O + 31,, so that the total amount 
ot iodine titratable with sodium thiosulphate corresponds exactly to 1 mol. per mol. of ozone. 
In order to test the reliability of this and other methods the apparatus shown in Fig. 1 
was used. The bulbs A and B were of equal volume. They were first evacuated; then, by 
means of the three-way tap C, a mixture of ozone and oxygen prepared in the ozoniser G was 
admitted, and finally both bulbs were filled with air up to atmospheric pressure; the surface 
of the mercury of the controlling manometer F was protected by a layer of sulphuric acid. 
Absorption pipettes of the design shown at H could be attached by means of ground glass 


joints to each of the bulbs, and their gas content blown through the pipettes by passing oxygen 
through the tap E into the bulbs. 


Fic 
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If, following the procedure of Ladenburg and Quasig, the pipettes were filled with neutral 
. 4% aqueous solutions of potassium iodide, and sulphuric acid was added before titrating the 
liberated iodine with sodium thiosulphate, the results obtained for the ozone contents of the 
_ two bulbs agreed usually to within 1%, and the deviations were never greater than 2—3%, 

an accuracy sufficient for the purpose of the experiments. Buffered solutions of diverse com- 
position were also tried, but it was more difficult to obtain constant results with them. This 
is in complete accord with the statements of Powell (Chem. Analyst, 1916, 16, 7) and of Riesen- 
feld,and Bencker (Z. anorg. Chem., 1916, 98, 167) that for low concentrations of ozone—the 
only ones used in this work—the simple Ladenburg—Quasig method is at least as good as any 
other. ; 

In order to test whether this method could be relied upon for the comparison of largely 
varying quantities of ozone, a streaming method was used; the apparatus is shown in Fig. 2. 
A current of ozygen was passed first through the ozoniser G and was then divided, by setting 
the stopcocks C and D in an appropriate manner, into a fast and a slow stream; the velocities 
could be read on the glass flow-gauges A and B which, according to the varying width of their 
capillaries, were suitable for the measurements of ‘different gas velocities; a number of such 
gauges were constructed in order to be able to cover a wide range. The absorption pipettes 
E and F, the solution with which they were filled, and the method of titration were the same 
as described above. The results obtained are shown in Table I. From the amount of thio- 
sulphate necessary for the titration of the iodine liberated in pipette E and the ratio of the 
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velocities of flow, the quantity of thiosulphate which ought to be necessary for the titration 
of the iodine liberated in pipette F can be calculated. The comparison of this figure with 
the one found experimentally showed that the agreement was good to within 2%. Since the 
readings of the gas velocities by the gauges were not accurate to more than that, the result 
‘was quite satisfactory and proved that the amount of iodine liberated was directly propor- 
tional to the ozone, even when there was in one case more than 25 times as much ozone as 
in the other. 
Fic. 2. 
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Gauge A. Gauge B. ° i . bs. 5 Diff., %. 
33-8 5 5 ; : ‘ +11 
24-1 . I : 9-15 +1-4 
25-1 . . 52 - . 15-54 +0-5 
16-9 ‘ “02 | 4 x 7-93 +0-2 
43-7 . . 49-2 —2-1 
37-9 . / . 38-7 0 
38-1 . P 47-2 +1-2 

It should be emphasised, however, that even the lowest ozone concentrations used in this 
series of experiments were several orders of magnitude higher than that of atmospheric ozone 
(10-* ml. of ozone/ml. of oxygen, as compared with 10 ml. of ozone/ml. of air), and the satis- 
factory analytical results in no way contradict the finding of Guéron and Prettre that below 
a concentration of 10-* ml./ml. the direct absorption of ozone in potassium iodide becomes 
unreliable, thus necessitating the previous concentration of ozone as attempted by the method 
described in the following experiments. 

(2) The Condensation of Ozone.—It is known from the work of Riesenfeld and his co-workers 
(Riesenfeld and Beja, Z. anorg. Chem., 1923, 182, 179; Spangenberg, Z. physikal. Chem., 1926, 
119, 419) that at — 183° the vapour pressure of ozone is still 0-20 mm. and is thus too high 
to enable ozone to be condensed by passing it through a glass vessel cooled in liquid oxygen. 
In order to be able to concentrate atmospheric. ozone by condensation at this temperature 
it was therefore necessary to find an adsorbent which would quantitatively retain ozone passed 
over it, and would release it without loss by decomposition if the temperature was raised 
afterwards. The first condition makes a large surface imperative, the second excludes all 
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oxidisable substances; the following surfaces were therefore tried : copper (on account of its 
good conductivity), glass beads, and silica gel. . 

The copper was used in the form of turnings which were washed successively with ether, 
alcohol, concentrated nitric acid, and water, and finally treated with ozonised oxygen. The 
glass beads were washed in hot chromic acid and water and were then slightly etched with 
hydrofluoric acid; they were then again washed with water and exposed to ozonised oxygen. 
Silica gel was prepared in three different ways: commercial silica gel was thoroughly treated 
with ozone to remove oxidisable impurities from its surface; another sample was obtained 
by the hydrolysis of silicon tetrachloride in an apparatus similar to that used by Ebler and 
Fellner (Ber., 1911, 44, 1915), and subsequent ozone treatment; a third sample was prepared 
by adding hot hydrochloric acid to a solution of pure silica in sodium hydroxide, the silica 
gel thus precipitated being filtered off, washed, and a part of it subjected to a stream of ozonised 
oxygen in a flask kept at 160°. 

All these adsorbents were tested in the following manner. The apparatus with the two 
bulbs described above (Fig. 1) being used again, the total quantity of ozone employed in each 
experiment was measured by emptying bulb A directly into standard potassium iodide solution. 
The ozone from bulb B was passed through a trap packed with the adsorbent and then into 
potassium iodide, the trap being cooled in liquid oxygen; in this way the quantity of ozone 
escaping condensation was found. Then by removing the liquid-oxygen bath the condensed 
ozone or, in the case of decomposition having taken place, part of it, was evaporated and 
driven through potassium iodide solution. By comparing the sum of the titrations for the 
ozone coming through the cooled trap and the ozone condensed and evaporated, with the 
titration obtained directly from the bulb A, the amount of ozone that had been destroyed 
either catalytically or chemically was found. 

The results of these experiments are compiled in Table II. It shows the velocity with 


TABLE II. 
Bulb A (not condensed). Bulb B (condensed). 


~ A — Vol. of Vol.of Vol. of 
Na,S,0, Na,S,0, Na,S,0, 
Velocity Vol. of Equiv. forO, forQO, fortotal vol. 
Expts. ofgas, Na,S,0O, vol. of evapor- escap- 
No. mil./min. ml. . ated, ml. ing, ml. 
8-93 . 7-26 
6-80 . 5-46 
8-08 : 6-56 
8-46 
7-44 
9-05 
10-92 
9-22 
11-42 
9-48 
14-70 
8-42 
9-15 
16-20 
15-98 
15-75 
19-86 


13-88 
11-38 
10-06 
11-16 

9-43 
6-83 
10-78 
14-80 
12-18 
12-02 
11-28 

5-58 

7-04 
6-84 

6-74 
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. which the gas content of bulb B was passed through the cooled trap and, for both bulbs, the 
quantity of sodium thiosulphate, in ml. of the 0-01N-solution, necessary for the titration of 
the iodine liberated; the equivalent volumes of ozone, in ml. of the gas, are also given, and 
the last two columns give the amounts of ozone condensed and destroyed respectively. Expts. 
1, 2, and 3 were carried out with copper turnings, expts. 4—8 with glass beads, and the rest 
with silica gel. It can be seen from the last but one and the last column of the table that 
the copper turnings, although employed in a quantity which was insufficient for condensing 
the total amount of ozone, destroyed part of it. Glass beads proved to be harmless but like- 
wise failed to retain all the ozone, although in expts. 7 and 8 two cooled traps filled with beads 
were used instead of the one employed in all the other cases; condensation was above 90% 
at very low velocities but dropped to 73% at a velocity of no more than 120 ml./min. As to 
the efficiency of the various grades of silica gel, the table shows that in all the experiments 
with the exception of two they condensed 100% of the ozone. Expts. 9 and 10 were with 
coarse-grained commercial silica gel, and expts. 11, 12, and 13 were with the same gel after 
a strong current of ozonised oxygen had been passed over it for some time; it can be seen 
that this treatment decreased the amount of impurities in the gel. Expts. 14 and 15 were with 
a fine-grained commercial gel, and 16 and 17 were with the same gel but with about half the 
quantity of gel used in expts. 14 and 15; it seems that the amount of decomposition of the 
ozone depends on the amount of gel—and its impurities—present. Expts. 18—21 were with 
silica gel prepared by the hydrolysis of silicon tetrachloride. Condensation was 100% up to a 
velocity of 5600 ml./min., but expts. 22 and 23 proved that at velocities four times as high a 
fraction of the ozone remained uncondensed; it is further seen from the table that this gel 
still contained oxidisable matter. Expts. 24—28 were with silica gel precipitated with hydro- 
chloric acid from sodium silicate solution, a process which gave a very light and bulky gel 
with a much greater surface than that possessed by the gel obtained from the tetrachloride ; 
it was not treated before use by passing ozonised oxygen and there was still a marked loss of 
ozone. In expts. 29—32 the same silica gel was used after it had been purified with ozone; 
after this treatment it not only condensed the ozone quantitatively at liquid-air temperatures 
up to velocities of 4700 ml./min., but it also released it without decomposition when its tem- 
perature was raised. This adsorbent was therefore satisfactory in both respects, and was 
adopted for all subsequent experiments. 

(3) The Determination of Ozone in Very Low Concentrations.—All the preceding experi- 
ments had been carried out with ozone concentrations far exceeding those occurring in atmo- 
spheric air. It was therefore necessary to investigate whether the method of condensation 
could be utilised for the measurement of ozone in dilutions comparable to those found in the 
atmosphere. For the preparation of ozone in such extremely low, but nevertheless known, 
concentrations the apparatus shown in Fig. 3 was employed. It consisted essentially of three 
parts, separated by the three-way tap F; on the right-hand side there was a section in which 
to prepare a known quantity of ozone, on the left a section in which to dilute and condense 
this ozone, and below a section to give a current of purified air. 

A was a special trap packed with silica gel with a glass spiral underneath for pre-cooling the 
gas before passing it over the gel; C was a high-velocity flow-gauge with a capacity of 2—3 1. of 
air per min.; D was a large calcium chloride drying tower, E a cotton-wool filter. All the taps 
and ground glass joints were very lightly greased with vaselin. It had been found in a series 
of experiments that neither vaselin, sparingly used, nor pure cotton-wool or calcium chloride 
had any effect on ozone; as a precautionary measure the calcium chloride was carbonated 
before use by passing a stream of carbon dioxide through it for a few hours, thereby fixing any 
free alkali that might have been present. 

The apparatus used for giving a stream of pure air consisted of a cotton-wool filter P, 
which removed the larger dust particles, a wash bottle O which contained potassium iodide 
solution to remove oxidising gases such as ozone and nitrogen dioxide, and a calcium chloride 
drying tower N with a second cotton-wool filter P’ between this tower and the three-way 
tap; the air supply was admitted through the tube Q, which passed through a hole in the 
window into the open air. 

The part of the apparatus used for producing the ozone consisted of a small ozoniser J, 
which was operated by means of an induction coil controlled by an adjustable spark-gap to 
give the amount of ozone required; the main bulk of the ozonised oxygen going through this 
passed through the tap M and was absorbed in a potassium iodide solution in the wash-bottle J ; 
thus the concentration of the ozone produced could also be controlled by altering the velocity 
of the gas flow through the ozoniser. Small amounts of the ozonised oxygen stream were 
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allowed to pass through the gauges G and H, both of which had very fine long capillaries and 
were thus very sensitive; the amounts of gas going through these were controlled by the 
taps K and L, and the relative proportions of ozone passed were measured on the scales of 
the gauges, these all having been previously calibrated. 

The ozone passing through the gauge H was absorbed in standard potassium iodide solution 
in a pipette at R, but that going through G passed through the three-way tap, where it was 
met by the purified stream of air; thus a current of air carrying a known amount of ozone 
was passed through the calcium chloride tower and the cotton-wool filter and was then con- 
densed in the trap A which was immersed in the liquid oxygen in the Dewar vessel B. The 
trap A was connected, by means of the tap T, to a water pump, a second tap S also being 
used; S was open to the air and was used as a throttle; between the pump and the tap T 
there was a very large (10-litre) bottle which stabilised the air flow. 


2) 
Pump U 

<>T 
U 


Rr SS \ : 
\) 


NX 





+ 


* a 





F 


CW, 


(i 
Q | O : N 
ER ER 


Window 
v 














To start the experiment, T was slowly opened and S was partly closed until the required 
velocity of air was passing through the apparatus, this being indicated on the gauge C; the 
induction coil was then switched on, only a small spark gap being left so as to produce the 
small amount of ozone needed. At the end of the experiment the ozoniser was switched off, 
but the air was allowed to be drawn through for a further short time to make sure that all 
the ozone in the ozone-producing part of the apparatus was taken into the air stream, The 
experiment usually lasted about 4—65 hours for the small concentrations, and the three gauge 
readings were taken every half hour; the averages of the readings were used for the calculations. ~ 

When the run was finished, the Dewar vessel containing the liquid air with the trap in it 
was removed; an absorption pipette containing standard potassium iodide solution was placed 
on the exit, and through the trap and the solution a slow stream of oxygen was passed at the 
rate of about 50 ml./min. The liquid-air bath was then removed, and the condensed ozone 
allowed to evaporate off. 

This was then titrated with standard n/500-sodium thiosulphate solution in the usual 
way, as also was the ozone which had been absorbed directly in the pipette at R; from the 
latter titration and the ratio of the gauge readings of G and H, the actual amount of ozone 
sent into the apparatus could be calculated; from the gauge reading of C the volume of air, 
and thus the concentration of ozone used, could be found; finally, by the titration of the 
ozone which had been condensed, the percentage loss on dilution, concentration, and passage 
through calcium chloride and cotton-wool could be determined, 
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TABLE III. 
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The results obtained are shown in Table III. Col. 1 gives the duration of the experiment ; 
cols. 2, 3, and 4 give the average velocities of the gas streams through the gauges C, G, and H. 
Cols. 5, 6, and 7 represent respectively the titration (in ml. of n/500-sodium thiosulphate) for 
the ozone which is directly absorbed from H, the theoretical titration for the ozone that is 
diluted and condensed from C (this being calculated from the previous one and the ratio of 
the two readings of the gauges G and H), and the actual titration for this ozone. Col. 8 shows 
the volume of air used, calculated from the time of duration of the experiment and the velocity 
of the air stream measured in C; col. 9, the concentration of ozone, calculated from the titration 
of the diluted ozone from C and the total volume of air. It should be noted that these experi- 
ments covered the range of concentrations from 4 x 10-* down to 4 x 10° mg. of ozone per ml. 
of the gas mixture, or 1-9 x 10* to 1-9 x 10° ml. of ozone/ml. of air. 

The last column of Table III gives the percentage differences between the amount of ozone 

actually found (col. 7) and the amount added (col. 6). It is seen that in the sixth, seventh, 
and ninth experiments these differences are big, but this apparent failure is obviously due 
to the extremely low velocities at which the gauges G and H were used in order to obtain small 
concentrations of ozone; their readings were accordingly very unreliable. In the last experi- 
ment the desired small ozone concentration was achieved by decreasing the spark gap while - 
keeping the gauge readings reasonably high; here, the previous accuracy, limited by the 
accuracy of the titration, is restored. Since simple titration may be carried out accurately 
only to one drop (ca. 0-04 ml.), in none of the experiments can an agreement to within less 
_than a few units % be expected. Neglecting, therefore, the three experiments in which the 
gauge readings could not be trusted, we believe that the reliability of this method may be 
taken to have an accuracy of about 6%, even when the ozone concentration is as low as 2 x 10* 
ml. per ml. of air. 

(4) The Separation of Ozone from Nitrogen Dioxide.—The presence in atmospheric air of 
nitrogen dioxide has been frequently suspected, and was definitely proved by the work of 
Francis and Parsons (Analyst, 1925, 50, 262) and by Reynolds (Nature, 1923, 112, 396; J. Soc. 
Chem. Ind., 1930, 49, 168), who showed that its concentration—at least in big towns—can be 
of the same order as that of ozone. Since it oxidises potassium iodide in solution, this reagent 
cannot be used for the determination of ozone mixed with nitrogen dioxide unless special 
precautions are taken. Keiser and MacMaster (Amer. Chem. J., 1908, 39, 96) tried to remove 
the nitrogen dioxide by bubbling air through a solution of potassium permanganate, but this 
reaction is not quantitative, as revealed by control experiments. Reynolds, on the other 
hand, passed half the air over copper sulphate to destroy the ozone and compared it with the 
other half containing both the ozone and the nitrogen dioxide. It would be an improvement 
to use a safer reagent for the destruction of the ozone, since, according to experiments carried 
out, even in a slow current of air copper sulphate allows the passage of a considerable fraction 
of ozone whilst, for instance, manganese dioxide, as recommended by Usher and Rao (J., 1917, 
111, 799), or charcoal, can be trusted to decompose it quantitatively; but even then the 
method applied by Reynolds would not be reliable because the simultaneous titration-of ozone 
and nitrogen dioxide with potassium iodide would be still less trustworthy in such low con- 
centrations than the titration of pure ozone alone. The procedure adopted in this work of 
first condensing the gases made it possible not only to carry out the titration with concen- 
trations of ozone for which the results are known to be reliable, but also to separate the ozone 
from the nitrogen dioxide by fractional distillation before its determination. 

Since the b. -p. of nitrogen dioxide is as high as 22°, it should be a simple task to keep it 
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in the condensed state on the surface of the silica gel while distilling off the ozone (b. p. — 112-3°). 
The vapour-pressure curve of pure nitrogen dioxide at low temperatures is well known from 
the work of Egerton (J., 1914, 105, 647); his figures have been confirmed and his research 
extended in this work to the measurement of the vapour pressure of nitrogen dioxide con- 
densed on the surface of the specially prepared silica gel described above. As expected, there 
was a marked depression of the vapour pressure, as can be seen from Table IV, which contains 


TABLE IV. 
Vapour Pressure of Nitrogen Dioxode. 


Condensed in glass vessel. Condensed on silica gel. 





cr 








V. a V. p. 2 V. p. we Pe 
Temp. (mm. Hg). Temp. (mm. Hg). Temp. (mm. Hg). Temp. (mm. Hg). 
— 72° 0-07 — 652° 2-14 — 72° 0-00 —42° 4-89 
—54 1-61 —40 8-70 —67 0-07 —34 10-10 
— 62 0-38 —27 16-35 
—52 1-76 
the results obtained by the authors, and from Fig. 4, which gives Egerton’s figures as well as 
those obtained by the present measurements. The surface concentration of the nitrogen 
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dioxide was varied between 3 and 52 mg. per g. of gel without our being able to detect in this 
range any change in its vapour pressure. 

In view of the fact that in the presence of silica gel the vapour pressure of nitrogen dioxide 
at — 72° was already too low to be measured with the butyl phthalate manometer used, it 
_ was expected that even a rapid current of air would not transport any traces of nitrogen dioxide 
through a trap filled with silica gel and cooled to — 120°. This was confirmed by experiment : 
a solution of potassium iodide remained perfectly colourless. On the other hand, by using 
once more the apparatus shown in Fig. 1, it was found that the same cooled trap did not con- 
dense any detectable amount of ozone. Finally, if both gases were first condensed on silica . 
gel in a trap immersed in liquid oxygen, and the temperature was subsequently raised to 
— 120° while a current of oxygen gas passed over the gel, the total amount of the condensed 





[1941] Determination of Ozone and Nitrogen Dioxide, etc. 519 


ozone was quickly distilled off, and no traces of nitrogen dioxide could be detected in the gas 
current. ' 

Condensation on specially prepared silica gel is accordingly a very satisfactory method, 
not only for concentrating ozone by freeing it from the bulk of the atmospheric gases, but 
also for separating it sharply from nitrogen dioxide. It is clear that hydrogen peroxide with 
a boiling point still higher than that of nitrogen dioxide, would also remain quantitatively 
in the cooled trap, should it ever be present in the analysed air. The method was therefore 
adopted for the determination of ozone and nitrogen dioxide in the atmosphere, as described 
in the following paper. 


We gratefully acknowledge our indebtedness to Imperial Chemical Industries, Ltd., for 
financial help. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, LONDON. 
UNIVERSITY OF DURHAM, DURHAM. | [Received, April 7th, 1941.] 





91. The Determination of Ozone and Nitrogen Dioxide in the 
Atmosphere. 


By J. L. Epcar and F. A. PANETH. 


By the method described in the preceding paper the ozone present in London air 
has been concentrated, identified by chemical and spectroscopic tests, and measured. 
In the same air samples the nitrogen dioxide content has also been determined. 


THE claim that ozone is a constant constituent of atmospheric air was made by its discoverer, 
Schénbein, in 1845 (Annalen, 65, 161); it was based on the observation that potassium 
iodide was slowly oxidised by fresh air. Schénbein’s “‘ ozonometer,” consisting of paper 
soaked in potassium iodide and starch, was used by him and many others for the quantita- 
tive determination of atmospheric ozone; the readings of this simple colorimetric device, 
varying strongly with place and time, were deemed to be of such importance by meteorol- 
ogists and medical men that regular observations were started in most civilised countries. 
There are in existence daily records for many decades, and the statement that millions of 
ozone determinations have been carried out (Schén, Ber., 1880,.13, 1503) is probably not 
exaggerated. 

Unfortunately, these numerous measurements are open to the criticism that the chemical 
reaction used is not specific for ozone, other oxidising agents having the same effect on 
potassium iodide; as the presence in air of at least one of them, nitrogen dioxide, is certain, 
and can amount to the same order of magnitude (see, ¢.g., Francis and Parsons, Analyst, 
1925, 50, 262; Reynolds, J. Soc. Chem. Ind., 1930, 49, 168), the value of all these ‘‘ quantita- 
tive ’’ ozone records is extremely doubtful. It is true that it could be shown that part of 
the oxidising property of air could be destroyed by reagents which decompose ozone; 
but since all attempts to identify it by specific reagents were unsuccessful some chemists 
were inclined altogether to deny the presence of ozone in the atmosphere. 

The first incontestable statements on ozone in the earth’s atmosphere were due to spectro- 
scopists. The characteristic absorption of the ultra-violet light from the sun or stars not 
only revealed the presence of ozone, but permitted also the determination of its total amount 
in a column of air extending from the surface of the earth to the limit of the atmosphere 
(Fowler and Strutt, Proc. Roy. Soc., 1917, 98, 577; Fabry and Buisson, J. Physique, 1921, 
2, 197). It was soon recognised that most of the ozone thus measured was concentrated 
in higher strata of the atmosphere (Strutt, Proc. Roy. Soc., 1918, 94, 260), and for a while it 
remained doubtful whether any could be found at low levels ; but by using, instead of star 
light, an artificial source of light a few kilometres distant, it was possible to evaluate, by 
the same spectroscopic method, the ozone content of air near the earth (Fabry and 
Buisson, Compt. rend., 1931, 192, 457; Goetz and Ladenburg, Naturwiss., 1931, 19, 373; 
Chalonge and Vassy, J. Physique, 1934,5,309; Dauvillier, ibid., p.455; Compt. rend., 1935, 
201, 679; Stoll, Helv. Phys. Acta, 1935, 8,3; Goetz, Schein, and Stoll, Gerland’s Bettrage z. 
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Geophysik, 1935, 45, 237). However, this very elegant method is still more difficult and 
costly than the spectroscopic measurement of the ozone in the total atmosphere; whereas 
this is carried out daily by a number of stations all over the world, with standardised 
apparatus designed by Dobson (Proc. Physical Soc., 1931, 48, 324; Quart. ]. Met. Soc., 1936, 
Suppl. to Vol. 62, 11), yet no more than a few dozen spectroscopic determinations of the 
ozone concentration in the lower atmosphere have been recorded, a number insufficient for ~ 
meteorological statistics. 

The great interest taken by meteorologists in the daily variations of the ozone content 
of the atmosphere makes a simpler method for the determination of its local concentration 
very desirable. Several attempts have been made to meet thisdemand. The old method 
of allowing atmospheric air to react directly with potassium iodide and titrating the 
liberated iodine was improved by Hayhurst and Pring (J., 1910, 97, 868), who passed 
the air over, instead of through, small quantities of an iodide solution ; this idea was further 
developed by the construction of a microchemical apparatus by Regener (Meteorol. Z., 
1938, 55, 459; Auer, Gerland’s Beitrage z. Geophysik, 1939, 54, 137), but if the objections 
against the use of this method on a larger scale (see preceding paper) are remembered, it is 
difficult to see how the claimed accuracy of 1—2% can have been obtained. It isstill more 
doubtful whether the complicated chemical reactions used by other workers (Briner and 
Perrottet, Helv. Chim. Acta, 1937, 20, 293, 458, 1200, 1207, 1523; Konstantinova-Schlesin- 
ger, Acta Physicochim., 1935, 3, 435; Compt. rend. (Doklady) U.R.S.S., 1937, 14, 187; 
1938, 18, 337), can form a reliable basis for the measurement of atmospheric ozone. None 
of the methods mentioned makes any attempt to separate ozone and nitrogen dioxide, and 
the effects found by Briner (Helv Chim Acta, 1938, 21, 1218) are no doubt erroneously 
ascribed to ozone. 

It was thought safest to make use of the classical reagent, potassium iodide, but after 
concentration of the atmospheric ozone by condensation, as described in the preceding paper. 
The more than 10,000-fold enrichment in ozone thus obtained not only increased the 
accuracy of the iodide method, but also made it possible to identify the ozone by a specific 
chemical reagent and by spectroscopic observation. This reagent, pp’-bisdimethylamino- 
diphenylmethane (“ tetramethyl base’; Arnold and Mentzel, Ber., 1902, 35, 1324, 2902; 
Fischer and Marx, ibid., 1906, 39, 2555), is less sensitive than potassium iodidé-starch 
but permits the recognition of ozone with certainty. The same-can be said of the spectro- 
scopic examination of ultra-violet light which has passed through a layer of ozone; the 
position of the strong absorption bands of ozone is most characteristic. For sucha spectro- 
scopic examination the redistilled ozone was collected in a glass tube with quartz windows ; 
thus an ozone thickness equivalent to that of the ozone in more than 30 km. of air could be 
obtained in a short tube, no complications arose through the absorption of light by dust 
particles and Rayleigh scattering, and the calibration could be effected by direct chemical 
analysis. Consequently, the spectroscopy of atmospheric ozone becomes much simpler 
than if it has to be carried out between two stations several km. apart, and this procedure 
not only lends itself to the safe identification of ozone, but can probably be developed into a 
quantitative method, thus providing a check on the chemical determination. 

By the procédure described, nitrogen dioxide is sharply separated from ozone; while the 
latter is distilled off, the nitrogen dioxide remains adsorbed and can later be released and 
determined; for this purpose the 2: 4-xylen-1l-ol (m-4-xylenol) method (McVey, J. Assoc. 
Off. Agric. Chem., ‘1935, 18, 459) was used. 

No special attention has been paid so far to the accuracy of the analytical measurements, 
which could certainly be improved ; in the experimental figures given below an accuracy 
of not more than 10% is all that is claimed for the ozone determinations, whilst the nitrogen 
dioxide determinations are accurate to not more than 15%. 

In most of the experiments 1000—1500 1. of air were used; for the qualitative tests 
with tetramethyl base, ozone from at least 7000 1. of air was necessary. The air was usually 
taken in South Kensington outside the laboratory in a wide street with little traffic (Imperial 
Institute Road) between 10 a.m. and 5 p.m. As it was conceivable that both the ozone 
and nitrogen dioxide values in a town atmosphere are very different from those in country 
air, a few parallel experiments were carried out at Kew Observatory, which is at least near 
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the open country. Further, ozone in the air of a seaside resort (Southport) was also 
measured. 

The results obtained show that it is possible to determine the local concentration of 
ozone and nitrogen dioxide in the atmosphere by reliable chemical methods. 


EXPERIMENTAL. 


(1) The Condensation and Chemical Determination of Atmospheric Ozone.—The apparatus for 
condensing atmospheric ozone was based on the results of the experiments described in the 
preceding paper. It was very simple (see Fig. 1). A is the trap packed with pure silica gel 
(see preceding paper, p. 515), and this is immersed in the Dewar vessel B filled with liquid oxygen. 
It is connected to a high-velocity flow-gauge’C and a large calcium chloride drying tower D; 
this had been carbonated, and the bottom of the exit tube had a small plug of cotton wool E in 
it to prevent calcium chloride particles being carried over in the air stream. A tap H was 
provided so that the apparatus could be swept out as required. 
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Two sets of this apparatus were built in parallel, the second being attached by the T-piece G. 

Air was drawn through the apparatus by means of a pump connected to a large bottle, this 

‘being used for buoyancy. The tap F was used to regulate the amount of air passing through ; 

two other taps were provided, one for the second apparatus, and the other to act as a“ throttle” 
so that the apparatus on the pump side of the trap should not be under any great vacuum. The 
air was led in from an open window through the tube J, in which there was a thick cotton-wool 
filter K, a fresh filter being used for every experiment, and then through the main control tap J. 
The gauge readings, which usually kept fairly constant, were taken every half hour, when the 
Dewar vessel was refilled with liquid oxygen, and at the end of the experiment the average of 
the readings was taken; the velocity of flow was then read off from the calibration curves— 
this velocity was usually kept at about 3—4 1./min.—and thus the total volume of air drawn 
through the apparatus was measured. The gauges were calibrated by displacement of water, 
and they were finally checked against each other by placing one in the position shown and 
another at the entrance to the apparatus at K; they were accurate to within 5%. 

The apparatus was so constructed that it could easily be built intoa case. The gauge readings 
were then taken through a panel in the front of the case, this panel opening like a door; the liquid 
oxygen was fed in through an opening in the top of the case which was normally closed by a, 
brass disc. Thus, the whole apparatus was portable, and the only additional equipment needed 
at the locality of the experiment was a pump and a supply of liquid air. For the final part of 
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the determination it was brought back to the laboratory, the Dewar vessel being kept full of 
liquid air. With such a portable apparatus results have been obtained at Kew and at Southport. 

After the condensation of sufficient ozone from the air, the trap, still in liquid oxygen, was 
detached from the apparatus, and a female joint carrying a tap A (Fig. 2) was placed in the 
entrance; a pipette B containing standard potassium iodide solution was placed on the other 
end as shown in the figure. An alcohol-solid carbon dioxide bath cooled by means of liquid air 
to about — 110° was then prepared, the tap A was closed, and the liquid oxygen bath removed and 
replaced, as quickly as possible, by this bath; a long test-tube D and a pentane thermometer 
C were then placed in the bath by the side of the trap, and liquid air was poured into D until 
the temperature had fallen to about — 120°; as the temperature of the trap rose from — 180° 
to — 120° there was, of course, an expansion in volume, and gas bubbled through the solution 
inB. After about 10 mins., the tap A was opened, and oxygen at a velocity of about 50 ml. /min. 
was passed through the apparatus for about an hour; at the end of this time any ozone that 
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might have been present had been completely carried over, and the pipette B was then remov 
and its contents titrated. 5 

The purpose of building two sets of apparatus in parallel was so that two determinations 
could be carried out independently of each other but on the same air sample; when two such 
determinations were carried out at the same time, it was found that the results always agreed 
to within 10%, which is the accuracy claimed for the method. 

When it was desired to determine the ozone spectroscopically before the chemical absorption, 
then the pipette B was replaced by the special small trap E (Fig. 2) which also contained silica 
gel in the bulb F. This was cooled in liquid oxygen, and the ozone as it distilled off from the 
large trap was again condensed in this small one. At the end of the distillation the trap was 
placed on the end F of the optical tube (Fig. 3), which had been previously evacuated; the tap 
G on the trap was closed, the tap D on the optical tube opened, and the liquid oxygen then 
removed; the contents of the trap were thus transferred to the optical tube; when the trap 
had reached room temperature, G was slowly opened and thus more air was sucked through into 
the tube, thereby washing out the trap. After the photograph of the spectrum had been taken, 
the contents of the tube were blown out with oxygen into potassium iodide solution, where the 
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ozone was absorbed and titrated in the usual way. - Further details of the apparatus used for 
taking the spectrograms are given in Section (2). 

In some of the experiments the re-evaporated ozone was not passed through potassium iodide 
solution but through a saturated solution of “‘ tetramethyl base.”” This reagent shows the follow- 
ing characteristic colorations with ozone and nitrogen dioxide: Ozone, deep reddish-violet ; 
nitrogen dioxide (small amounts) yellow, (large amounts) green. Hydrogen peroxide does not 
produce any colour. 

With the help of a simple optical comparator it was possible to detect, by the violet color- 
ation of the tetramethyl base, the presence of as little as 0-02—0-03 mg. of ozone. This method 
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was used, in addition to the others, for the safe identification of ozone; since it is, however, 
about four times less sensitive than the iodine—starch colorimetric titration, no attempt was 
made to make quantitative determinations of atmospheric ozone with tetramethyl base.’ 

(2) The Spectroscopy of Atmospheric Ozone.—The apparatus used for the photography of the 
absorption spectra of ozone is shown in Fig. 3. A isa straight glass tube, 111 cm. long and with 
a total volume of 60 ml., the ends of which are ground flat; to each end is fixed, by means of 
red wax on the outside of the tube, quartz windows B and C. About 2 cm. from each window 
there are T-pieces which are closed by the taps D and E; on to D there is attached a small 
ground joint F; E has attached to it two standard joints at right angles to each othtr, as-shown. 
One of these is closed by the plug G, and to the other is attached the apparatus used for 
calibrating the tube. 
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The calibration part of the apparatus consists of a 3-1. flask I, closed by a cork through which 
three tubes pass; one of these, H, is closed by a tap and terminates in a ground glass joint by 
means of which the apparatus is attached to the optical tube; the second, K, also closed by a 
tap, goes to the pump; and the third leads to.a mercury manometer, J, the top surface of which 
is protected from the action of the ozone by a layer of sulphuric acid. The flask is rendered air- 
tight by sealing in the cork and the tubes with a thick layer of picene wax. 

The optical system consists of a hydrogen-discharge tube O with a quartz window, which 
serves as a source of ultra-violet light, a pierced card N, two quartz lenses L and M which are 
used for focusing on to the slit of the quartz spectroscope Q, and a shutter P. 

Calibration is effected as follows: The hydrogen tube is switched on, and when, after about 
20—30 mins., its light has become steady, the whole arrangement is accurately focused, special 
care being taken to clamp the tube A firmly in position. The flask with its tubes is then removed 
from the rest of the apparatus, and evacuated through the tap K, which is then closed; an 
ozoniser with a slow stream of oxygen passing through it is attached to the ground joint at H, 
the tap of which is then slightly opened, and the flask is allowed to fill slowly with ozonised 
oxygen up to atmospheric pressure. The amount of ozone produced by the ozoniser and passing 
into the flask may be controlled either by increasing or decreasing the velocity with which the 
gas enters the flask, or by regulating a spark gap across the induction coil which activates the 
ozoniser. When full, the apparatus is once again attached to the optical tube, which is then 
ready for calibration. 

The taps E and D are opened, H is closed, and tha@#tube is evacuated through F; D is then 
closed and H opened, thus allowing the ozonised oxygen to enter the tube. An exposure is 
then taken with the spectroscope, special plates (Ilford Q 2), which are sensitive to ultra-violet 
light of short wave-length, being used. dH is closed, and the plug G is removed and replaced by 
an absorption pipette containing standard potassium iodide solution. Oxygen is then passed 
through the tube from F into the potassium iodide solution at G until it is certain that all the 
ozone has been blown out; the amount of ozone present may then be determined by titrating 
the solution as usual. 

D, E, G, and H are then closed, K is opened, and the flask is evacuated to about 0-5 atm. 
pressure, as indicated on the manometer J ; the flask is then filled with oxygen through K, which 
is then closed, the oxygen being blown in very rapidly in order to ensure complete mixing of 
the gas; E and D are then opened, the plug G is replaced, the tube is evacuated through F, 
and the whole process is repeated, as before. 

This process of decreasing the concentration continuously by about one half is repeated 
until a negligible amount of ozone is left, It was found that quantities of ozone which were 
not detectable by a visible coloration of the starch were clearly indicated by the spectrograms 
if analysed in a microphotometer. 

By using this apparatus, and the method for the concentratiqn of ozone deScribed in the 
preceding paper, it is possible to get the ozone content of a large quantity of air into the optical 
tube. For instance, in an experiment carried out on July Ist, 1938, 1700 1. of air were treated 
and its ozone content collected in the 60 ml. of the tube; since the ozone concentration was 
thus increased 28,000 fold, the intensity of the ultra-violet light absorption by the ozone in 
the tube of 111 cm. length was equal to that of a column of the original air 31 km. long. The 
greatest distances used in the experiments mentioned on p. 519 for the direct spectroscopy of 
atmospheric ozone near the surface of the earth were about 5km. 

The absorption spectrum obtained in this experiment is shown in Fig. 4 (No. 2); No. lisa 
blank, taken while the optical tube was filled with pure oxygen, and No. 3—10 are the absorption 
spectra of ozone prepared artifically and progressively diluted by the method just described ; 
noted against each spectrum is the quantity of ozone found iodometrically. 

The spectral region photographed begins (on the right) with 5000 a. and extends, in the case of 
oxygen and the most dilute ozone, to about 2100a. It can be seen that the length of the 
absorption band increases markedly with increasing ozone concentration, and that the amount 
of absorption in the spectrum of the atmospheric ozone (No. 2) lies between those of spectra 
4 and 5; this agrees very well with the quantities of ozone determined afterwards by titration 
(8-4, 14-5, and 6-3 x 10° ml. respectively). However, since it is not possible to evaluate the 
spectra exactly by simple comparison of the photographs they were analysed with a micro- 
photometer; the results fully confirmed the visual impression, the trace for spectrum 2 being 
bracketed between those for 4 and 5 when the microphotometer curves were superimposed.* 


* See J. L. Edgar, Ph.D. Thesis, London University, 1938. This Thesis also contains photographs 
of the spectra obtained in the experiment of June 20th, 1938. 
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The main result of this spectroscopic investigation is the independent proof that the atmo- 
spheric oxidising agent separated from air by the adsorption method is identical with the 
substance measured as ozone by spectroscopists. 

(3) The Chemical Determination of Atmospheric Nitrogen Dioxide.—As described in the pre- 
ceding paper, a trap filled with silica gel and kept at a temperature not exceeding — 120° can 
be relied upon to hold back all the nitrogen dioxide condensed from air; consequently, in the 
course‘of the present procedure, after the ozone had been distilled off, the nitrogen dioxide in 
the cooled trap was available for a quantitative determination. In its preliminary stage, the 
method used was identical with that employed by Francis and Parsons (loc. cit.) and consisted of 
fixing the nitrogen dioxide by converting it into potassium nitrate; for the measurement of the 
nitrate, however, McVey’s method (loc. cit.) was used. 

The cooled trap was first attached to an evacuated Winchester-quart vessel of about 3 1. 
capacity which had been provided with suitable air-tight joints and taps; it contained 20 ml. of 
an acid hydrogen peroxide solution (62-5 ml. of 20-vol. “‘ AnalaR ” hydrogen peroxide plus 1 ml. 
of 2n-sulphuric acid made up to 100 ml. with distilled water). A tap connecting the trap to the 
evacuated vessel was opened, the trap being closed at its exit by a second tap, and the cooling 
bath was then removed and replaced by boiling water; most of the evaporating nitrogen dioxide 
passed over at once into the evacuated vessel, and the gradual admission of air through the trap 
until atmospheric pressure was reached ensured that the small residue in the trap was likewise 
collected in the large vessel. This vessel was then closed, and the nitrogen dioxide left for several 
hours in contact with the hydrogen péroxide solution, the process of absorption being accelerated 
by frequent shaking. After this period the solution was rinsed into a porcelain dish, made 
slightly alkaline to litmus with 1 ml. of a n-solution of “‘ AnalaR ” potassium hydroxide, and 
evaporated to dryness on asteam-bath. As Francis and Parsons have shown (loc. cit.), the whole 
of the nitrogen dioxide is thus fixed in the form of potassium nitrate. 

For the determination of small quantities of nitrate it was found that the 2: 4-xylen-1-ol 
method was very suitable, and preferable to the use of phenoldisulphonic acid. It depends on 
the fact that the nitro-compound of 2 : 4-xylenol is highly coloured (brown) in alkaline solution, 
and that it is very easily volatile in steam; the reaction was first recommended by Blom and 
Treschow (Z. Pflanz. Diing., 1929, 18, a, 159) and applied to the determination of nitrates in 
meat by McVey (loc. cit.). A 1% solution of the xylenol in glacial acetic acid was used; this 
was supplied as a standard solution by the British Drug Houses, as also was a standard nitrate 
disc for use with the Lovibond Nessleriser. The procedure is as follows. 

The nitrate residue to be measured is dissolved in 3 ml. of distilled water and washed into a 
boiling-tube with a further 4 ml. of water; 15—20 ml. of 85% nitrogen-free sulphuric acid are 
added and the tube is placed in a water-bath at 35°; 1 ml: of the xylenol reagent is then added, 
the whole is well stirred, and the tube carefully stoppered. After } hour the mixture is allowed 
to cool and is diluted with 100 ml. of distilled water, the temperature being kept down by 
immersing the tube in a bath of cold water. The nitro-compound is then steam-distilled off in a 
special apparatus, consisting of a flask with a splash head and a condenser. 40 Ml. of the 
distillate are collected in a Nessler glass containing 10 ml. of a 2n-solution of ‘‘ AnalaR ”’ sodium 
hydroxide, this being cooled in a beaker of water; the whole is then stirred, the temperature 
adjusted to 20°, and the coloration produced compared with the standard disc in the Nessleriser. 

At the same time a complete blank is run; 20 ml. of the hydrogen peroxide solution are 
neutralised, diluted, and evaporated, and any nitrate present is determined in exactly the same 
way as in the actual experiment. This blank seemed to remain constant at about 3 or 4y of 
nitrate nitrogen. According to these experiments, the average value of the nitrogen dioxide 
content of London air is 1-5 x 10° mg./ml. or 7-5 x 10-*% by volume, which is equivalent to 
5 x 10° mg. of nitrogen per ml. of air. The 1000 or 1500 1. of air used for the condensation of 
ozone contained, therefore, sufficient nitrogen dioxide at least to double the intensity of the 
nitrate coloration produced by the reagents. 

Before use, the disc was tested with a standard nitrate solution and found to be accurate to 
within 10%, which is inside the experimental errors. 

Results.—The results of the ozone and the nitrogen dioxide determinations are collected in 
the following table. The nitrogen dioxide was in all cases determined by the xylenol method ; 
the ozone was usually determined by the potassium iodide method; but on April 11th and 25th, 
1938, it was absorbed in an alcoholic solution of tetramethyl base. In these two experiments as 
much as 10,000 and 7000 |. of air were used, respectively, because it had been found that the ozone 
from the usual 1000—1500 1. was not sufficient to produce a clear coloration with the tetramethyl 


base; with the larger quantities the violet colour characteristic of ozone was very distinct. 
NN 
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As can be seen from the table, in most experiments both gases were measured. Sometimes, 
however, one of them was used for special experiments, or its analysis was omitted for simplicity, 
so that both values do not always appear in the table. Usually the air was drawn from street 
level in South Kensington (see p. 520); on some days, however, the portable apparatus was used 
for taking air samples on the roof of the Royal College of Science (June 6th to 9th, 1939), at the 
Meteorological Observatory at Kew (May 6th and 10th, 1938, and June 13th, 1939), and at the 
Fernley Observatory on Hesketh Park Hill, not far from the beach, at Southport (July 5th, 6th, 


and 7th, 1939). Concurrently with two of the Kew experiments the usual determinations were 
carried out at South Kensington. 


TABLE. 
Os NO, 
content, content, 
Date. % by vol. % by vol. 
1938. Weather conditions. x 10, x 10%. Location. 

Feb. 1 Fine and bright; no clouds 0-9 0-8 S. Ken. 

7 Rather dull; heavy morning frost; overcast but no rain 0-8 0-4 os 

8 Dull but warm; overcast 0-5 0-6 - 

10 Very dull and overcast; slight rain at first, heavy later 0-8 0-1 on 

14 Extremely cold; heavy snow previously and snow storms 0:8 <0-05 86 

during day 

18 Fine; clear sky, cold and sunny _- 0-5 as 

22 Dull and overcast; warmer, no rain 1-1 1-2 is 

Mar. 3 Very fine; clear sky, warm and sunny 0-9 1:3 o» 

7 Fine and warm; thick haze but no fog 1-9 <0-05 es 

10 Fairly fine; clear with some dull spells 0-6 <0-05 - 

14 Very fine; warm, clear and sunny 0-9 <0-05 ” 

17 Very dull and overcast; break of fine spell 1-1 0-5 sa 

21 Fairly fine but some clouds 0-8 0-4 a 

28 Fine early, but later very dull and overcast 0-6 1-8 o» 

31 Very fine; clear, warm and sunny 1-7 2-0 - 

Apr. 5 Very dull and overcast — 1-5 a» 

11 Fairly fine; mainly clear but some cloud T.M.B. 13 ” 

+ ve 

25 Very dull and overcast; some rain in the evening - 0-8 i 

May 3 Very wet, dull and overcast; raining 2-6 0-7 ye 

6 Rather dull and cloudy; bright and clear p.m. 2-3 0-2 PA 

” ” ” ” ” 2-3 <0-05 Kew 
10 Warm and sunny a.m., cloudy p.m. 1-3 0-5 S. Ken. 

” ” ” ”? 2 2 0-3 Kew 
26 Very dull and overcast — 0-7 S. Ken. 

June 1 Very dull and a little rain --- 1-7 - 

20 Bright, warm, and sunny 0-8 Po 

July 1 Bright and sunny early; overcast later 0-5 


Fair; light E. wind 
Fair; light S.E. wind 
Fair; light E.N.E. wind 
Fair; light S.E. wind 
Fair 

Wind mainly from S.E, 
Wind S.S.W. to S.S.E. 
Wind S.W. 


_ . 
AIAN O WAI 


Kew 
Southport 


bo to mm tom © to 
No ee 


LPI TdT 





In the table are given a few indications as to the weather conditions prevailing during the 
experiments; no attempt is made, however, to discuss their possible bearing on the ozone or 
nitrogen dioxide content of the air, since the authors hope soon to be in a position to report on 
an improved method permitting the determination of ozone in smaller quantities of air and within 
a much shorter time, thus making the exact study of the influence of meteorological conditions 
possible. Experiments on these lines are in progress.* 

As to the nitrogen dioxide content, it seems to be proved by these experiments that in London 
air its quantity is usually comparable with that of the ozone present; but once, after a heavy 
snow fall (Feb. 14th, 1938), and during a period of very fine, warm and sunny weather (March 
7th to 14th, 1938), no nitrogen dioxide could be detected, which means that its quantity was 
less than 5 x 10°% by volume. On the very day this spell of good weather had broken up 
(March 17th) a measurable quantity appeared again. Although Kew Observatory is situated 


* (Added in proof.) See Paneth and Gliickauf, Nature, 1941, 147, 614. 
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in open country and is more or less clear of London, on one day not much less nitrogen dioxide 
was found than in London. 


Our sincere thanks are due to Professor H. Dingle for his advice and collaboration on the 
spectroscopic side; to Mr. P. R. Monk, B.Sc., for carrying out the ozone experiments of 1939; 
to Dr. F. J. W. Whipple for granting us facilities to work at Kew Observatory; to the Southport 
Corporation for defraying the fares and expenses. for the visit to Southport, and to the Borough 
Meteorologist, Mr. George A. Lidster, for his kind assistance; and to Imperial Chemical Indus- 
tries, Ltd., for a grant towards the costs of apparatus and liquid air. 
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92. Migration of Acyl Groups daring Hydrogenation of Triglycerides. 
By D. ATHERTON and T. P. HILDITCcH. 


It is shown that during hydrogenation of mixtures of glycerides at 180° in presence 
of nickel on kieselguhr interchange of acyl groups between the molecules of the tri- 
glycerides present proceeds at a comparatively slow rate, about 5% of the total 
glycerides present possibly being involved per hour of exposure to the hydrogenation 
conditions. Difficulties in the separation and analysis of the products render the results 
more qualitative than quantitative in character, but it is shown that, under the experi- 
mental conditions, the interchange of acyl groups proceeds between completely 
saturated glycerides, i.e., is not dependent on concurrent hydrogenation. The change 
appears to take place more readily between mixtures of simple triglycerides (tristearin, 
tripalmitin, etc.) than in the case of mixed triglycerides (e.g., oleodipalmitin, palmito- 
diolein). 
The results are considered in their bearing on procedure employed in the determin- 
ation of the proportion of tri-C,, glycerides in fats by hydrogenation, followed by 
estimation of tristearin in the products, and on analytical difficulties encountered in the 
latter method. It is recommended, when use of this procedure is essential, that the 
hydrogenation should be effected at low temperatures (65—70°) by means of Raney 
nickel, platinum or palladium catalysts, and as rapidly as possible. 
The possible effect of time of hydrogenation, involving variations in the degree of 
acyl interchange, on the texture or other properties of technically hydrogenated fats is 
indicated. , 
IT is well known that at temperatures above 250°, in presence of a suitable catalyst (alkali 
hydroxide or ethoxide, certain salts of tin, cadmium, zinc, etc.), the acyl groups of a mixture 
of triglycerides may migrate and a new mixture of mixed triglycerides will be produced 
(“ inter-esterification ’’). Acyl migration may take place between molecules of different 
triglycerides or of the same triglyceride. For example, a mixture of tripalmitin and 
tristearin may undergo partial intermolecular change such as that represented by 
G(P;) + G(S;) —~> G(P,S) + G(PS,),* whilst a mixed triglyceride such as palmitodistearin 
may suffer rearrangement of acyl groups of the nature: 2G(PS,) —> G(P,S) + G(S,). 
Oda (J. Soc. Chem. Ind. Japan, 1933, 36, 331) studied the effect of heating various mixtures 
of fats in hydrogen at 200° in presence of small proportions of potassium carbonate ; 
with mixtures of olive or linseed oil with a hydrogenated fat he found no evidence of inter- 
esterification, but when mixtures of either olive or linseed oil with coconut oil were similarly 
treated as much as 30% of the coconut oil glycerides appeared to have undergorfe inter- 
molecular change with acyl groups from the more unsaturated component of the mixture. 
Steger and van Loon (privately communicated) have informed us that they found that 
after heating a mixture of triolein and tristearin at about 200° in an inert atmosphere in 
presence of nickel catalyst the proportion of tristearin in the product was considerably 
less than that in the original mixture. 

It has therefore been desirable to ascertain to what extent migration of acyl groups 


re G = C,H,=: P = C,,H,,°CO-0:; Ss = C,,H;,°CO-O-. 
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occurs during hydrogenation of triglyceride mixtures at 180° in presence of nickel-kieselguhr 
catalyst, especially since this procedure has in some instances been used in former work 
in this laboratory in order to ascertain the proportion of tri-C,, glycerides in a natural 
fat (or fraction thereof), this being estimated from the amount of tristearin observed in the 
hydrogenated product. To this end mixtures of synthetically prepared triolein and 
tripalmitin, oleodipalmitin, palmitodiolein or trilaurin have been hydrogenated at 180° 
and the triglycerides present in the products have been examined. 

The analysis of mixtures of tristearin’ with palmitodistearin, dipalmitostearin and 
tripalmitin presents considerable difficulty. The procedure adopted (cf. Hilditch and 
Jones, J. Soc. Chem. Ind., 1934, 58, 13T; Hilditch and Stainsby, 1bid., 1936, 55, 95T) has 
been to separate the almost completely hydrogenated glycerides by systematic crystallis- 
ation from anhydrous ether into a number of fractions and to calculate the composition of 
each fraction (as a binary mixture of tristearin and palmitodistearin, or of palmitodistearin 
and dipalmitostearin, etc.) from its saponification equivalent or its component fatty acids. 
Great accuracy in the determination of the saponification equivalents of the fractions 
is essential, since the difference between those of successive members in the series (e.g., 
tristearin 296-7, palmitodistearin 287-4) is but small. Latterly, when the quantity of 
material permits, it has been preferred to determine the proportion of the component acids 
present by means of ester-fractionation. 

Apart from the comparatively large influence of possible small errors in the determined 
saponification equivalents, however, the valjdity of the assumption that only binary 
mixtures of the triglycerides have been obtained by the crystallisation procedure employed 
requires careful consideration. The solubilities of, for example, tristearin, palmitodistearin, 
dipalmitostearin and tripalmitin in ether are not widely dissimilar, and complete separation 
into binary mixtures, although probably possible in many instances, is not by any means 
certain to be attained. A fraction of triglycerides with a mean equivalent somewhat 
above that of palmitodistearin (287-4) might still contain some dipalmitostearin, but from 
calculation on the basis of a mixture of tristearin and palmitodistearin would appear to 
contain no dipalmitostearin, with more palmitodistearin and less tristearin than is actually 
present. Similarly, a fraction of somewhat lower equivalent than 287-4 would thus appear 
to contain less dipalmitostearin and again more palmitodistearin than the truth, whilst 
small quantities of tristearin possibly present would be overlooked. Any error due to 
imperfect separation by the crystallisation procedure followed may therefore lead, in many 
instances, to a calculated composition in which less tristearin is found than is actually 
present in the hydrogenated fat, and thus suggest more “ inter-esterification ”’ than may 
actually have taken place. (In one special case, namely, the possible resolution of two 
molecules of palmitodistearin into tristearin and dipalmitostearin by “ inter-esterification,” 
the error due to any incomplete separation into binary mixtures, leading as above to an 
apparent content of palmitodistearin greater than that actually present, may lead to the 
conclusion that less acyl migration has occurred than in fact is the case.) 

Control experiments in which approximately equal amounts, respectively, of tristearin 
and tripalmitin, or of tristearin and dipalmitostearin, were merely melted together, and the 
respective binary mixtures then submitted to fractional crystallisation from ether (followed 
by ester-fractionation analyses on the glyceride fractions obtained) have indeed indicated 
that the results are far from satisfactory : 

Tristearin (% mol.). 

Binary mixture of glycerides. Actual. Observed. 
Tristearin and tripalmitin 36-4 
Tristearin and dipalmitostearin 34-1 

On the other hand, Hilditch and Jones (loc. cit.) tested the crystallisation procedure 
somewhat differently by determining the tristearin content of (i) a hydrogenated cottonseed 
oil and (ii) a mixture of 79-6% of this hydrogenated oil with 20-4% of added tristearin : 
the observed content of tristearin in the mixture (39-6%) was close to the calculated figure 
(40-0%, the observed tristearin content of the hydrogenated cottonseed oil being 24-6%). 
Similarly, they found that addition of 20% of tripalmitin to hydrogenated olive oil did 
not interfere with the determination of tristearin by this method. The results quoted 
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above, therefore, may have some connection with the conclusion arrived at on other grounds 
by Hilditch and Thompson (J. Soc. Chem. Ind., 1937, 56, 4341), namely, that the analytical 
method used cannot be regarded as trustworthy for mixtures of saturated triglycerides 
which contain between about 50% and 70% of tristearin, but that it gives satisfactory 
results with mixtures containing below 40% or above 75% of tristearin. 

In the present work, accordingly, we have not relied solely on the results of crystallis- 
ation of completely hydrogenated mixtures of triolein with tripalmitin, oleodipalmitin 
or palmitodiolein, but have also studied the hydrogenation of mixtures of triolein and 
trilaurin (leading to a mixture of tristearin and trilaurin, the latter glyceride being com- 
paratively easily separated by repeated crystallisations from ether). Finally, we have 
obtained conclusive proof of the occurrence in a minor degree of acyl migration during 
hydrogenation at 180° by experiments in which (i) the hydrogenation of a mixture of 
triolein and tripalmitin was interrupted prior to completion, (ii) a similar mixture was 
heated at 180° in presence of catalytic nickel but in an atmosphere of carbon dioxide ; 
in each of these experiments it was found that the product contained a small, but definite, 
proportion of mixed glycerides in which both palmitic and oleic groups were present. 

I. Mixtures of Triolein (Tristearin) and Tripalmitin.—These include the analytical 
control test mentioned above, and two experiments in which approximately equimolecular 
quantities of (a) triolein and tripalmitin, and (0) tristearin and tripalmitin, were agitated 
in presence of catalytic nickel-kieselguhr with hydrogen at 180°. The products were 
intensively crystallised from ether, and the crystal fractions analysed, their compositions 
being calculated from the results on the assumption that binary mixtures had been obtained. 
The data are in Table I. 

TABLE I. 
Conditions of Duration Original mixture, Found by analysis in product. 
experiment. of expt. % (mol.). Tristearin, % (mol.). Tripalmitin, % (mol.). 
Analytical control- aie 48-1% tristearin, 36-4 35-1 
mixture 51.9% tripalmitin 
Hydrogenation condi- 9hours 48-7% tristearin, 15-3 25-3 
tions at 180° 51- 39 tripalmitin 
Hydrogenation condi- 9 hours 49- eae triolein, — 25-2 11-0 
tions at 180° yA tripalmitin 


In spite of the unsatisfactory nature of the analytical methods available, these figures 
indicate that appreciable inter-migration of acyl groups takes place at 180° in presence 
of nickel catalyst, and that this process is effected between tristearin and tripalmitin 
molecules, irrespective of whether the tristearin is being concurrently produced in the 
system as the result of hydrogenation of triolein. (The triolein in the actual hydrogenation 
experiment had been practically completely converted into tristearin, the iodine value of the 
product being 0-9.) 

II. Mixtures of Triolein and Oleodipalmitin, or of Tristearin and Dipalmitostearin.— 
Similar experiments to the foregoing were carried out with the following results : 


TABLE II. 
Duration Original mixture, Tristearin found in 
Conditions of experiment. of expt. % (mol.). product, % (mol.). 
Analytical control-mixture -- 52-19% tristearin, 34-1 
47-9% dipalmitostearin 
Hydrogenation at 180° 10-5 hours 25-3% triolein, 21-0 
. 74-7% oleodipalmitin 


In this hydrogenation experiment (iodine value of product 2-3) the proportions were 
chosen so that the total amounts of oleic and palmitic groups present in the mixture 
were approximately equimolecular. This brings the original content of tri-C,, glycerides 
within the range in which it has previously been found that the method of analysis is 
fairly trustworthy, and it therefore appears that some acyl interchange takes place, but 
apparently less than in the case of mixtures of the simple triglycerides triolein (tristearin) 
and tripalmitin. The probability of some acyl migration was confirmed by the observation 
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that the more soluble crystal-fractions obtained from ether possessed equivalents lower than 
that of dipalmitostearin, suggesting the presence of about 2% of tripalmitin in the product. 

III. Mixture of Triolein and Palmitodiolein.—A mixture of 40% of triolein and 60% 
of palmitodiolein was hydrogenated with nickel at 180° for 9 hours, its iodine value being 
reduced to 2-5. After crystallisation of the product from ether and analysis as described 
above, it appeared to contain 37-2% (mol.) of tristearin and to contain a very small propor- 
tion of dipalmitostearin. Acyl migration (in this case, conversion of palmitodistearin into 
dipalmitostearin + tristearin) had thus only taken place to a very slight extent. 

From the foregoing data it is permissible to draw the following conclusions. At 180° 
in presence of nickel on kieselguhr, appreciable interchange of acyl groups takes place 
between tripalmitin and triolein (or tristearin), but this phenomenon is much less evident 
in mixtures of oleo- or of stearo-dipalmitin with triolein (or tristearin), and appears to 
occur only to a small extent during the hydrogenation of mixtures of palmitodiolein and 
triolein. For the reasons already discussed, conclusions from the analytical data in these 
experiments cannot be accepted as having more than qualitative significance, but confirm- 
atory results of a more positive character were obtained from the subsequent experiments 
next to be described. 

IV. Hydrogenation of Mixtures of Triolein and Trilaurin.—Two experiments were made 
in which the time of treatment of mixtures of triolein and trilaurin was widely different ; 
hydrogenation in presence of nickel on kieselguhr was effected in each case at 180° and the 


products were almost completely hydrogenated (iodine values 1-5 and 1-0). The analytical 
results obtained were as follows : 


TABLE III. 
Time of Original mixtu Found by analysis in product 
hydrogenation. Triolein, % (mol.). Trilaurin, % (mol.). Tristearin, % (mol.). Trilaurin, by (mol. & 
200 minutes 40-7 59-3 35-0 
755 minutes 44:8 55-2 35-5 27- : 


The relatively great difference in solubility in ether between trilaurin and tristearin 
renders less likely the presence of unresolved ternary mixtures in the final crystal fractions 
obtained, and the observed amounts of tristearin and trilaurin should accordingly be not 
far from the true values. It therefore appears that, in the experiment lasting for 3 hours 
20 minutes, about 14% of the glycerides have undergone acyl interchange (although this 
may still be an over-estimate if the product was incompletely resolved into binary mixtures 
by crystallisation). The second experiment, which occupied over 12} hours, indicates a 
much larger amount of interesterification (about 37%); since, as in the previous experi- 
-ment, the actual hydrogenation was complete in about 3 hours, this confirms the earlier 
results with a mixture of tristearin and tripalmitin, and shows that acyl interchange 
slowly proceeds between fully saturated glycerides when subjected to the conditions of 
hydrogenation. It may also be concluded from these experiments, however, that at 180° 
and in presence of nickel on kieselguhr the rate of acyl interchange between triglycerides, 
even in those cases in which the process appears to be most favoured (mixtures of simple 
triglycerides), is comparatively slow (in the two experiments with trilaurin the proportion 
of the total glycerides present affected was of the order of 3—4% per hour of exposure 
to the conditions of hydrogenation). The analytical data in both these experiments sug- 
gested that the mixed triglycerides produced by inter-esterification were almost wholly 
dilaurostearin, laurodistearin being apparently only formed in small quantities; but this 
may be no more than an accidental circumstance due to the proportions of the reactants 
employed, or to some other unperceived cause. 

V. Examination of the Products of Partial Hydrogenation of Mixtures of Triolein and 
Tripalmitin.—(a) A mixture of triolein (49-8% mol.) and tripalmitin (50-2% mol.) was 
hydrogenated at 180° in presence of nickel on kieselguhr until, after 105 minutes, its iodine 
value had been reduced from 49-4 to 18-3; at this point most of the unsaturated glycerides 
present would be mono-oleo-derivatives (Hilditch and Jones, J., 1932, 805; Bushell and 
Hilditch, J., 1937, 1767). The product was submitted to oxidation in acetone solution 
with powdered permanganate, and the fully saturated glycerides present were then separated 
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from the acidic products of oxidation (azelao-glycerides either from triolein or from any 
palmito-oleins produced by acyl migration). It was found that the semi-hydrogenated 
product contained 52-0% (mol.) of fully saturated glycerides, the component acids of which 
(from ester-fractionation) were made up of 82-7% of palmitic and 17-3% of stearic (mol.). 
The higher fatty acids present in the acidic products of oxidation were separated from 
azelaic and nonoic acids and analysed by ester-fractionation, palmitic acid being identified ; 
the amount of palmitic acid detected in the acidic oxidation products (i.e., present with 
oleic acid in mixed glycerides) corresponded to 5-6% (wt.) or about 6% (mol.) of the total 
fatty acids in the original fat, and thus connotes the presence of about 9% (mol.) of oleodi- 
palmitin or 18% of palmitodiolein in the hydrogenated product (or mixtures of these tri- 
glycerides equivalent to the 6% of palmitic acid observed). This experiment affords 
further definite proof of the occurrence of acyl migration, and suggests in the present 
instance that the rate of acyl interchange was at least 5% of the original fat mixture per 
hour of exposure to the conditions of hydrogenation. 

(6) A similar mixture of triolein (47-6% mol.) and tripalmitin (52-4°% mol.) was agitated 
at 180° with nickel on kieselguhr in an atmosphere of carbon dioxide for 9 hours, and 
the product oxidised as above in order to examine the fully saturated glycerides and the 
higher fatty acids present in the acidic products of oxidation. It contained 47-1% (mol.) of 
fully saturated glycerides (in this instance, of course, wholly tripalmitin). From the acidic 
products of oxidation, palmitic acid was identified (m. p. 62-5°, unchanged when mixed 
with an authentic specimen); the quantity present corresponded to 4-0—4-9% (mol.) of 
the total fatty acids in the original mixture. This is equivalent to the presence in the 
product of 6% (mol.) of oleodipalmitin or about 15% (mol.) of palmitodiolein, and therefore 
proves that acyl interchange had occurred at arate of about 1—2% of the original fat 
mixture per hour of exposure to the experimental conditions. 

The foregoing results establish that in presence of nickel on kieselguhr at 180° acyl 
interchange between triglycerides takes place, but at a much slower rate than at 250° 
and above, or in presence of certain other catalysts. The extent of the change is mainly 
dependent on the time of exposure to the conditions favouring interchange of acyl groups, 
and this proceeds independently of whether hydrogenation is actually in progress: mixtures 
of completely saturatéd glycerides also undergo the change. Experiments with mixtures 
of saturated glycerides in hydrogen suggest, indeed, that the rate of change is of the same 
order as during hydrogenation of a mixture of saturated and unsaturated glycerides: the 
definitely slower rate observed when a mixture of triolein and tripalmitin was exposed 
to nickel on kieselguhr at 180° may be due to some side effect caused by the substitution of 
carbon dioxide for hydrogen as the gaseous constituent. 

Although the difficulties of analytical separation and estimation of the components of 
the mixtures produced render the data in this communication more qualitative than 
quantitative in character, it seems that the process of acyl interchange takes place more 
rapidly between mixtures of simple triglycerides than when one component is already a 
mixed triglyceride (e.g., oleodipalmitin or palmitodiolein). With mixtures of palmitodiolein 
and triolein the rate of interchange appears to be small at 180° under hydrogenation 
conditions. 

Nevertheless, the determination of tri-C,, glycerides in a natural fat by hydrogenation 
and subsequent estimation of tristearin is not satisfactory, firstly because of the inherent 
difficulties of analytical separation, and secondly because of the tendency towards acyl 
migration during the hydrogenation. Fortunately, however, any error due to acyl inter- 
change is likely to have been minimised, when this procedure has been followed, by two 
factors. In the first place, hydrogenation is normally effected rapidly and has not in- 
volved treatment at 180° with nickel on kieselguhr for more than 14—2 hours at most. 
Secondly, the natural fats rarely contain any appreciable proportion of a simple trigly- 
ceride; whilst in most cases in which the method has been used the fats concerned (or the 
fraction of the original fats to which it has been applied) consist for the most part of 
mixed tri-C,, glycerides (usually mainly oleolinoleins) with monosaturated-diunsaturated 
glycerides (usually palmitodioleins) and, to a smaller extent, disaturated-monounsaturated 
glycerides (e.g., oleodipalmitin). With the already known proviso that the method is 
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only trustworthy, for analytical reasons, for tristearin contents of below 40% or over 75% 
(in most instances the actual content involved has been less than 40% of tristearin), it seems 
probable that no serious inaccuracy may have hitherto been involved in those cases in 
which recourse has been had to this procedure. 

At the same time, in consequence of the results now communicated, it may be recom- 
mended that, for estimation of the proportion of tri-C,, glycerides in a fat, the fat should 
be hydrogenated at low temperatures (65—70°) in presence of Raney nickel or of platinum 
or palladium catalysts, and that the time of hydrogenation should be made as short as 
possible. 

It may be pointed out, in conclusion, that the operation of this comparatively slow 
isomeric rearrangement of mixed glycerides under hydrogenation conditions has a certain 
technical importance, since wide variations in the time occupied in hydrogenation of a given 
fat will be accompanied by corresponding differences in the extent to which acyl interchange 
progresses, and consequent possible variations in the consistency, texture, or similar 
properties of the hydrogenated material. 


EXPERIMENTAL. 


Synthetical Preparation of Triglycerides.—The lauric, palmitic, and oleic acids required were 
obtained from stocks of the corresponding methyl esters which had been accumulated in the 
laboratory during ester-fractionation analyses of a number of fats. These esters were redistilled 
in a vacuum through an electrically-heated and packed fractionating column, and fractions 
of the individual esters thus obtained. The “ oleic ’’ esters contained small proportions of 
linoleic esters, which, from the point of view of hydrogenation experiments, could have no 
influence on the final results; the tedious and wasteful separation of pure oleic acid was there- 
fore unnecessary for the present purpose (cf. Bushell and Hilditch, J., 1937, 1767). Stearic 
acid was prepared from the product of complete hydrogenation of methyl oleate—linoleate 
fractions which had been purified by fractional distillation. 

Preparation of Simple Triglycerides.—These were obtained by direct condensation of the 
requisite fatty acid with glycerol in presence of 0-2% of camphor-8-sulphonic acid as catalyst 
at 160° and 15 mm. pressure. A slight excess of fatty acid was used in order to avoid the 
presence of any mono- or di-glycerides in the products. In this way stocks of trilaurin (m. p. 
46°, sap. equiv. 212-0. Calc.: sap. equiv. 212-7), tripalmitin (m. p.¥65°, sap. equiv. 268-6. 
Calc. : sap. equiv. 268-7), and tri-‘‘ olein ” (from “‘ oleic ” acid of iod. val. 99-0. Found: sap. 
equiv. 294-6, iod. val. 94-8. Calc.: sap. equiv. 294-7, iod. val. 94-7) were prepared, whilst a . 
quantity of tristearin (m. p. 70°) was available from earlier experiments. 

Preparation of Mixed Palmito-glycerides—The appropriate a-monoglycerides were first 
prepared and then directly esterified with the second fatty acid in order to produce the desired 
mixed triglycerides (Bushell and Hilditch, loc. cit.). «-Monostearin was prepared from a$-iso- 
propylideneglycerol and stearic acid as described by Malkin and Shurbagy (J., 1936, 1628). 
«-Monopalmitin and «-mono-olein were obtained by direct esterification of the respective acids 
with excess of glycerol in phenol solution at 160° in presence of a small amount of camphor- 
B-sulphonic acid (Hilditch and Rigg, J., 1935, 1774). 

The following mixed triglycerides were then prepared by direct esterification with a second 
fatty acid: palmitodiolein (Found: sap. equiv., 286-0; iod. val. 63-9. Calc.: sap. equiv., 
286-0; iod. val., 65-1), oleodipalmitin (Found: sap. equiv., 280-3; iod. val., 35-0. Calc. : 
Sap. equiv., 277-3; iod. val., 33-4), dipalmitostearin (Found : sap. equiv., 278-1. Calc., 278-0). 

The relevant data from the analyses of the final hydrogenated and other mixtures are 
summarised below. 

I. Mixtures of Triolein (Tristearin) and Tripalmitin.—(i) Mixture of tristearin (48-1% mol.) - 
and tripalmitin (51-9% mol.) crystallised from ether. The mixture (49-5 g.) after being melted 
and well shaken, -was systematically crystallised from ether and resolved finally into three 
fractions: A, 22-9 g. (44-2% mol.), B, 19-3 g. (40-4% mol.), and C, 7-3 g. (15-4% mol.). The 
equivalent of C (269-9) showed that it was substantially tripalmitin. Fractions A and B were 
converted into methyl esters, and the latter fractionated in a vacuum; it was then found that 
the acids in A consisted of palmitic 6-0, and stearic 94-0% (mol.), whilst those in B were palmitic 
82-8, and stearic 17-2% (mol.). This corresponds to 82-0% of tristearin in fraction A, or 36-4% 
on the whole mixture. 

(ii) Tristearin (48-7% mol.) and tripalmitin (51-3% mol.) heated under hydrogenation con- 
ditions at 180° for 9 hours. The product (54-9 g.) was resolved by systematic crystallisation 
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from ether into four fractions, of which the proportions and component acids (Getepunet by 
ester-fractionation) were as follows : 
Component acids (% arr ). 
Fraction. . % (mol.). Sap. equiv. ro Stearic. 
p : 462 . 290-5 

19-2 272-5 

15-4 274-0 

19-2 274-5 
The calculated tristearin content of fraction A (33-1%) corresponds to 15-3% on the whole 
mixture. 

(iii) Triolein (49-7% mol.) and tripalmitin (50-3% mol.) hydrogenated at 180° for 9 hours. 
The product (71-0 g., iod. val. 0-9) was resolved by systematic crystallisation from ether into 
six fractions, the composition of each of which (in terms of binary mixtures) was estimated 
from their saponification equivalents :* 


D. 


7 . 12- 
276- mM 286- 
274: . s61° 


Tristearin only appeared to be present in fraction A (16-7 g.), whilst unsaturated glycerides, 
reckoned as oleodistearin, were present in small amounts in the most soluble fractions E and F 
(1-8 g.); the original product therefore appeared to contain 18-5 g., or 25-2% (mol.), of tri-C,, 
glycerides. 

II. Mixtures of Triolein and Oleodipalmitin, or of Tristearin and Dipalmitostearin.—(i) 
Mixture of tristearin (52-1% mol.) and dipalmitostearin (47-9% mol.) crystallised from ether. 
The mixture (46-9 g.) after being melted and well shaken, was resolved by systematic crystallis- 
ation from ether into four fractions, of which the proportions and component acids (determined 
by ester-fractionation) were as follows : 

Component acids (% mol.). 
Fraction. . % (mol.). Sap. equiv. Palmitic. Stearic. 
292-7 13-9 86-1 
293-8 10-4 89-6 
277-7 (not estimated) 
278-1 66-2 33-8 

From these data it was calculated that the tristearin content (% mol.) of fractions A and B 
was respectively 58-3% and 68°8%, whence the observed tristearin content of the original 
mixture is 34-:1%. 

(ii) Triolein (25-3%) and oleodipalmitin (74-7%) hydrogenated at 180° for 10-5 hours. The 
product (75-9 g., iod. val. 2-3) was resolved by systematic crystallisation from ether into seven 
fractions, the composition of each of which (in terms of binary mixtures) was estimated directly 
from their saponification equivalents : 


D. 
6-2 . 
279-3 , 2 
277-5 2 
ome / 1: 7 


In fraction A there appeared to be 9-45 g. of tristearin, whilst the unsaturation in fractions 
E, F, and G, reckoned as oleodistearin, amounted to 7-05 g. The tri-C,, glycerides present in 
the whole product thus amounted to 16-5 g., or 21-0% (mol.). 

III. Mixture of Triolein (39-9%) and Palmitodiolein (60-1%) hydrogenated at 180° for 9 
hours.—The product (71-6 g., iod. val. 2-5) was resolved by systematic crystallisation from 
ether into six fractions, the composition of each of which (in terms of binary mixtures) was 
estimated directly from their saponification equivalents : 


C. D. E. F. 
4-9 8-2 6-3 5. 
286-1 290-7 294-2 300- 
284°8 287-7 287-1 288-9 
a 0-5 5-2 13-9 
* In employing this method, any traces of unsaponifiable matter present were determined and 
allowed for in the subsequent calculations. 
+ Corrected for unsaponifiable matter. 
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In fraction A there appeared to be 23-0 g. of tristearin, whilst a small amount (0-3 g.) was 
also present in fraction D ; the unsaturation in fractions D, E, and F, calculated to oleodistearin, 
represented 3-7 g. of the latter. The tri-C,, glycerides thus amounted to 27-0 g., or 37-2% 
(mol.), of the whole hydrogenated product. 

IV. Hydrogenation of Mixtures of Triolein and Trilaurin.—(i) Mixture of triolein (40-7%) 
and trilaurin (59:3%) hydrogenated at 180° for 200 minutes. The product (48-7 g., iod. val. 1-5) 
was resolved by systematic crystallisation from ether into six fractions, the composition of each 
being estimated as above from their saponification equivalents : 


A. B. . D. E. F. 
GEN |. Zin inasshnsindabh 15:7 3-0 2-4 4-9 15-3 7-4 
PII ‘isséinnenniesedinns 294-4 293-2 275-0 212-7 218-7 244-5 
< geprrge -Goeecnsatien 294-4 292-8 273-2 212-7 216-2 238-6 
SATII: sténdadsicibhoanhindeed — _ _ — 0-8 4-9 


In fractions A, B, and C there appeared to be respectively 15-3, 2-9, and 0-4 g. of tristearin, 
whilst the unsaturation of fractions E and F corresponded with the presence therein of 0-4 and 
1-3 g. of oleodistearin. The tri-C,, glycerides in the whole product thus amounted to 20:3 g., 
or 350% (mol.). Trilaurin (mainly in D, E, F, with minor quantities in A and B) amounted 
to 21-2 g., or 50-9% (mol.). 

(ii) Mixture of triolein (44-8%) and trilaurin (55-2%) hydrogenated at 180° for 755 minutes. 
As in the previous experiment, the hydrogenation was completed in about 3 hours, but treat- 
ment under the hydrogenation conditions was prolonged for a further 9} hours. The product 
(22-0 g., iod. val. 1-0) was resolved into five fractions by systematic crystallisation from ether : 


A, B. C. D. E. 
TRIN dis sainsakncsieneiansnencinans 8-2 2-1 2-4 2-3 7-0 
ERs cntgersssantnctsoreceness 296-8 274-0 225-3 225-2 232-7 
ob ds,“ W Methbansarecoadvsesetes 296-8 273-8 225-0 225-2 232-7 
MEPNEL. ctaenoisaganncdsseckanchices — — — 0-9 1-8 


Fractions A and B appeared to contain respectively 8-2 and 0-4 g. of tristearin; the unsatur- 
ation of fractions D and E corresponded with the presence therein of 0-1 and 0-4 g. of oleodistearin. 
The tri-C,, glycerides in the whole hydrogenated product thus amounted to 9-1 g., or 35-5% 
(mol.). Trilaurin (in fractions C, D, E) amounted to 5-0 g., or 27-1% (mol.). 

V. Products of Partial Hydrogenation of Mixtures of Triolein and Tripalmitin.—(i) Mixture 
of triolein (49-8%) and tripalmitin (50-2%) hydrogenated at 180° for 105 minutes to iod. val. 18-3. 
The product (44-0 g.) was oxidised in acetone solution with powdered potassium permanganate, 
giving a mixture of neutral and acidic products, which were separated. The neutral portion 
consisted substantially of fully saturated glycerides (24-6 g., iod. val. 0-7), which were resolved 
into two fractions by crystallisation from ether: A, 13-7 g. and B, 10-9 g. The component 
acids in each fraction were determined with the following results : 


A, % (mol.). B, % (mol.). 


PIN IIE, bdbccscdentsncecsedcencsiduciavsse 87-9 74:8 
CSE. <0 i vacgechadcdusidaustudbwawaiany 11-6 24-1 
MI MIEEE. - Gascchevcbvcsdccscceedccbdeskenaseun 0-5 1-1 


The data indicate the presence of 52-0% (mol.) of fully saturated glycerides in the partly 
hydrogenated product, the acids present being palmitic 82-7% and stearic 17-3% (mol.). Most 
of the stearic acid was doubtless tristearin produced by the hydrogenation of triolein; it was not 
possible to ascertain whether any mixed palmitostearins were present in this fully saturated 
part of the product. Proof of acyl migration, on the other hand, lay in this experiment in the 
isolation of palmitic acid from the acidic products of oxidation, i.e., from unsaturated glycerides 
in which some palmitic groups must also have been present. 

The acidic products of oxidation were completely saponified and any higher fatty acids 
present were sepdrated as far as possible from accompanying nonoic and azelaic acids by re- 
peated boiling with water. The residual water-insoluble acids (8-7 g.) were converted into 
methyl esters, and the latter fractionally distilled; it was then found that their composition 
was palmitic 30-0% and stearic 70-0% (wt.). This amount of palmitic acid corresponds with 
5-6% (wt.) or about 6% (mol.) of the total fatty acids in the original hydrogenated product. « 

(ii) Mixture of triolein (47-6%) and tripalmitin (52-4%) heated at 180° in presence of nickel 
catalyst in a current of carbon dioxide for 9.hours. The product (50-2 g.) was oxidised in acetone 


+ Corrected for unsaponifiable matter. 
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solution with potassium permanganate, and gave 22-8 g. of unchanged fully saturated glycerides 
(iod. val. 0-6, equiv. of acids present 255-7; palmitic acid, equiv. 256); it thus contained 47-1% 
(mol.) of tripalmitin (original mixture 52-4%). The acidic products of oxidation, separated 
from the fully saturated glycerides by solution in aqueous alkali, were completely hydrolysed, 
and the acids liberated and boiled with water repeatedly to remove as much nonoic and azelaic 
acids as possible. 2-9 G. of water-insoluble acids were recovered, the equivalent of which 
(225-4) indicated that some nonoic and/or azelaic acid was still present. Crystallisation of these 
acids from ethyl acetate gave an acid, m. p. 62-5° (unchanged when mixed with authentic 
palmitic acid). The amount of palmitic acid present in the impure acid of equivalent 225-4 
corresponds to between 4-0 and 4-9% (mol.) of the total acids in the original fat-mixture (ac- 
cording to whether the accompanying acid was azelaic or nonoic). It was thus established that, 
under the particular experimental conditions employed, between 4 and 5% of the palmitic acid 
originally combined in the mixture had been transferred from tripalmitin to a mixed glyceride 
containing both palmitic and oleic acids. 


We thank Messrs. Lever Brothers and Unilever, Ltd., for a grant to one of us (D. A.) during 
the course of this investigation. 
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93. The Synthesis of Growth-inhibitory Polycyclic Compounds. 
Part III. ° 


By G. M. BADGER. 


The preparation of 9-methyl-1:2-benzfluorene (V), «-1-naphthyl-B-2-naphthyl- 
ethylene (I), and compounds of the general formulz (III) and (IV) (in which R and R’ = 
Me or Et) is described. All three classes of compound are related to known potent 
tumour-inhibiting agents and have been prepared for biological test. 


THE experiments of Haddow and his co-workers on the growth-inhibitory properties of 
carcinogenic and chemically related non-carcinogenic compounds have shown that many 
feeble cancer-producing agents have potent growth-inhibitory properties. Striking results 
have been obtained with the non-carcinogenic 1 : 2’-azonaphthalene (Haddow and others, 
unpublished) and the feebly carcinogenic 1 : 2 : 5 : 6-dibenzfluorene (Haddow and Robinson, 
Proc. Roy. Soc., 1939, B, 127, 277). Further, many of the synthetic oestrogenic agents 
have been shown to be growth-inhibitory (see, for example, Noble, J. Endocrinol., 1939, 1, 
128). The present paper describes several compounds related to these three types of active 
tumour-inhibiting agent, and forms part of an extensive search for a substance for use as 
a chemotherapeutic agent against cancer. 

The preparation of 1- and 2-naphthaldehydes from the corresponding bromomethyl 
compounds with hexamethylenetetramine has been improved by the substitution of acetic 
acid for alcohol as the solvent. In acetic acid solution the reaction is complete in about 
30 seconds (compare Hewett, J., 1940, 297), whereas the reaction time in alcohol is 8 hours 
(Mayer and Sieglitz, Ber., 1922, 55, 1859). The condensation of l-naphthaldehyde and 
sodium 2-naphthylacetate, 2-naphthaldehyde and sodium 1-naphthylacetate, 1-naphth- 
aldehyde and sodium l-naphthylacetate has given a series of dinaphthylacrylic acids. 
One of these, a-2-naphthyl-B-1-naphthylacrylic acid, has been decarboxylated with copper 
bronze in quinoline to give «-l-naphthyl-B-2-naphthylethylene (I). 

1-Phenylacetylnaphthalene and 2-phenylacetylnaphthalene (II) (Cook and Hewett, 
J., 1934, 376) have been converted into compounds of the types (III) and (IV) by the 
method of Dodds, Golberg, Lawson, and Robinson (Proc. Roy. Soc., 1939, B, 127, 140). 
The group R was first introduced by treatment of the sodio-derivative of the phenylacetyl- 
naphthalene with an alkyl iodide. The resulting ketone on treatment with an alkyl- 
magnesium halide gave the carbinol, which was smoothly dehydrated to the hydrocarbons 
(III) and (IV) with phosphorus tribromide in chloroform. 
The oxidation of fluorene, 1: 2-benzfluorene and 1:2: 5: 6-dibenzfluorene with 
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selenium dioxide (Cook, J., 1932, 1476) proceeded normally to give fluorenone, 1 : 2-benz- 
fluorenone, and 1: 2: 5: 6-dibenzfluorenone a in oe yield — 


q | 
WY 
Postowsky and Lugowkin, Ber., 1935, 68, 852). Previous attempts to oxidise the 
dibenzfluorene with sodium dichromate in acetic acid led to resinous and acidic products. 
9-Methyl-1 : 2-benzfluoren-9-ol has been prepared by the action of methylmagnesium 
iodide on 1 : 2-benzfluorenone in the usual way. Dehydration of this carbinol with boiling 
acetic acid and hydrogenation with hydrogen in the presence of platinum catalyst by the 
method of Fieser and Joshel (J. Amer. Chem. Soc., 1940, 62, 957) gave the desired 9-methyl- 


1 : 2-benzfluorene (V). In the same way, 9-methylfluorene has been prepared from 
fluorenone, for comparison. 


EXPERIMENTAL. | 


1-Naphthaldehyde.—A solution of 1-bromomethylnaphthalene (44 g.) in boiling acetic acid 
(100 c.c.) was treated with hexamethylenetetramine (28 g.), and the solution boiled until clear 
(1 min.). The mixture was poured into water and the oil which separated was purified through 
the bisulphite compound. The product distilled at 150°/13 mm.; yield 21 g. 

2-Naphthaldehyde.—In the same way, 2-bromomethylnaphthalene (90 g.) was treated with 
hexamethylenetetramine (70 g.) in boiling acetic acid (200 c.c.).. After purification through 
the bisulphite compound, 2-naphthaldehyde distilled at 150°/15 mm., yield; 32-8 g. 

a-1-Naphthyl-8-2-naphthylacrylic Acid—A mixture of sodium 1-naphthylacetate (6-9 g.), 
2-naphthaldehyde (5-2 g.), and acetic anhydride (45 c.c.) was heated at 130° for 7 hours. The 
product was poured into water and allowed to decompose overnight. The brown gum obtained 
was extracted with boiling dilute sodium carbonate solution, and the acid precipitated and 
washed with a little acetic acid. After purification through its sparingly soluble sodium salt, 
a-l-naphthyl-B-2-naphthylacrylic acid (3-5 g.) formed colourless needles from acetic acid or a 
microcrystalline powder from xylene, m. p. 215—216° (after sintering) (Found: C, 85-5; 
H, 5-0. C,;H,,O0, requires C, 85-2; H, 5-0%). 

a-2-Naphthyl-B-l-naphthylacrylic acid, prepared by heating sodium 2-naphthylacetate 
(14 g.), 1-naphthaldehyde (10-4 g.), and acetic anhydride (90 c.c.) at 130—140° for 8 hours 
and purified as described above, formed pale yellow needles (5-9 g.), m. p. 213—214° (after 
sintering), from acetic acid (Found: C, 85-6; H, 5-0%). 

a-1-Naphthyl-B-2-naphthylethylene (I)—A mixture of the preceding acid (1-6 g.), copper 
bronze (1 g.), and freshly distilled quinoline (15 c.c.) was heated at 240--250° for l hour. The 
cooled mixture was diluted with ether and filtered, and the ethereal solution washed with dilute 
hydrochloric acid, sodium carbonate solution, and water. The dark brown crystals obtained 
on evaporation were recrystallised from benzene—alcohol, sublimed at 120°/0-1 mm., and further 
recrystallised from benzene—alcohol. «-l-Naphthyl-B-2-naphthylethylene (1-15 g.) formed 
colourless crystals, m. p. 103—105° (Found: C, 94-3; H, 5-55. C,,H,, requires C, 94-25; 
H, 5-75%). 

aB-Di-l-naphthylacrylic acid, obtained from sodium 1-naphthylacetate (7 g.), 1-naphth- 
aldehyde (5-2 g.), and acetic anhydride (45 c.c.), formed yellow plates, m. p. 227—-228°, from 
acetic acid (Found: C, 85-1; H, 5-0%). 

1-Phenylmethylacetylnaphthalene.—1-Phenylacetylnaphthalene (17-3 g.) (Cook and Hewett, 
loc. cit.) and methyl iodide (10 g.) were added to a hot solution of sodium (1-5 g.) in absolute 
alcohol (45 c.c.). The mixture was boiled for 10 minutes and then treated with a further 
quantity of sodium (0-6 g.) in absolute alcohol (15 c.c.), followed by methyl iodide (6-4 g.). 
After boiling for 4 hours, the solution was poured into water, and the alcohol removed under 
reduced pressure. The cooled mixture was extracted with ether, and the combined extracts 
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washed with a solution of sodium thiosulphate and finally with water. The oil obtained on 
evaporation was distilled at 172—175°/0-5 mm. and redistilled at 172—173°/0-5 mm., 1-phenyl- 
methylacetylnaphthalene (17-5 g.) being obtained as a colourless viscous oil (Found: C, 87-35; 
H, 6-3. C,9H,,O requires C, 87-65; H, 6-2%). 

y-Phenyl-B-1-naphthylbutan-B-ol.—A solution of the above phenylmethylacetylnaphthalene 
(16-0 g.) in dry ether (100 c.c.) was added dropwise to a Grignard solution prepared from methyl 
iodide (26-0 g.), magnesium (4-25 g.), and ether (100 c.c.), and the mixture boiled for 2 hours. 
After decomposition with ice and dilute sulphuric acid, the ethereal solution was washed, dried, 
and evaporated. On standing with a few drops of methyl alcohol, the product crystallised. 
Its solution in boiling methyl alcohol deposited only 5-0 g. of crystalline material on cooling. 
After further recrystallisations, y-phenyl-B-1-naphthylbutan-B-ol formed colourless crystals, 
m. p. 97—99° (Found : C, 87-0; H, 5-9. Cy 9H 90 requires C, 86-9; H, 7-2%). 

The oil obtained by evaporation of the methyl-alcoholic solution was distilled, b. p. 
160—170°/0-8 mm. (10 g.). Analysis of this product showed almost complete dehydration 
(Found : C, 91-7; H, 7-15%) : 

a-Phenyl-B-1-naphthyl-aB-dimethylethylene (IV, R = R’ = Me).—Solutions of the above 
oil (13-2 g.) in chloroform (35 c.c.) and of phosphorus tribromide (13 g.) in chloroform (25 c.c.) 
were cooled below 0°, mixed, and kept overnight at room temperature. The mixture was 
poured slowly into ice-cold alcohol (70 c.c.) and diluted with water. The chloroform layer and 
chloroform extracts of the aqueous layer were combined, washed with water, and dried over 
calcium chloride. The oil obtained on evaporation was distilled, b. p. 170—178°/3 mm. (yield, 
11-7 g.). After 4 days the product partly crystallised. It was dissolved in light petroleum 
(b. p. 40—60°) and kept at — 10° for 24 hours. The crystals (5-2 g.) were collected and re- 
crystallised from light petroleum, a-phenyl-B-1-naphthyl-aB-dimethylethylene forming colourless 
prisms, m. p. 68-5—70° (Found: C, 93-1; H, 7-2.. Cy9H,, requires C, 93-0; H, 7-0%). 

a-Phenyl-B-1-naphthyl-a-methyl-B-ethylethylene (IV; R = Me, R’ = Et).—In the same way, 
1-phenylmethylacetylnaphthalene (16-2 g.) was allowed to react with ethylmagnesium bromide 
(from 22 g. of ethyl bromide). The product was a colourless oil, b. p. 185—187°/0-9 mm. 
(14-5 g.). Analysis showed it to be partly dehydrated. A solution of this oil (13-6 g.) in 
chloroform was dehydrated with phosphorus tribromide (14 g.). «-Phenyl-B-1-naphthyl- 
a-methyl-B-ethylethylene was obtained as a colourless viscous oil, b. p. 161—164°/0-6 mm. (yield, 
12-3 g.) (Found : C, 92-9; H, 7-15. C,,;Hy» requires C, 92-6; H, 7-4%). 

2-Phenylethylacetylnaphthalene.—2-Phenylacetylnaphthalene (II) (26-0 g.) (Cook and Hewett, 
loc. cit.) and ethyl iodide (16-5 g.) were added to a hot solution of sodium (2-4 g.) in alcohol 
(50 c.c.). After 10 minutes a further quantity of sodium (0-9 g.) in alcohol (30 c.c.) was added, 
followed by ethyl iodide (10 g.). The 2-phenylethylacetylnaphthalene (24-3 g.) formed colourless 
prisms, m. p. 116—118°, from alcohol (Found: C, 87-25; H, 6-8. CygH,,O requires C, 87-55; 
H, 66%). 

a-Phenyl-B-2-naphthyl-a8-diethylethylene (III, R = R’ = Et).—The above 2-phenylethyl- 
acetylnaphthalene (10 g.) in benzene solution was added to excess of ethylmagnesium bromide 
as above. The pale yellow, viscous oil obtained (10-5 g.), b. p. 199-—-201°/2 mm., was found on 
analysis to be almost completely dehydrated. This oil (9-75 g.) was completely dehydrated 
with phosphorus tribromide, and a-phenyl-B-2-naphthyl-aB-diethylethylene (8-75 g.) obtained as a 
colourless viscous oil, b. p. 165—168°/0-5 mm. (Found: C, 92-3; H, 7-8. C,,H,, requires 
C, 92-2; H, 7-8%). 

a-Phenyl-B-2-naphthyl-B-methyl-a-ethylethylene (II1; R = Et, R’ = Me).—In the same way, 
2-phenylethylacetylnaphthalene (10 g.) was treated with methylmagnesium iodide. The 
almost colourless oil (9-4 g.), b. p. 193—-197°/2 mm., was found on analysis to be almost com- 
pletely dehydrated. Complete dehydration of the oil (8-75 g.) was effected with phosphorus 
tribromide (10 g.), ey ee being obtained as a colourless 
viscous oil (8-0 g.), b. p. 178—180°/1 mm. (Found: C, 92-35; H, 7-4. C,,Hy requires C, 
92-6; H, 7-4%). 

Oxidation of Fluorenes with Selenium Dioxide. —A mixture of fluorene (2 g.), selenium 
dioxide (4 g.), and water (4 c.c.) was heated in a sealed tube at 230—240° for 4 hours. After 
cooling, the solid was filtered off, washed with water, extracted from the selenium with alcohol, 
sublimed at 100°/0-5 mm., and recrystallised from alcohol, forming bright yellow crystals 
(1-5 g.), m. p. 80—83° alone or mixed with authentic fluorenone. 

In the same way, 1 : 2-benzfluorene (1 g.) was oxidised to 1 : 2-benzfluorenone (0-85 g.), 
m. p. 131—132°. The same yield of 1 : 2-benzfluorenone was obtained in a parallel experiment 
with sodium dichromate in boiling acetic acid as an oxidising agent. 
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Oxidation of 1: 2:5: 6-dibenzfluorene (0-25 g.) in the same manner gave 1: 2: 5: 6-di- 
benzfluorenone (0-1 g.), which formed red plates or needles, m. p. 164—165°, from benzene 
(Found : C, 90-1; H, 4:35. C,,H,,0 requires C, 90-0; H, 4-3%). 

9-Methyl-1 : 2-benzfluoren-9-ol.—A solution of 1: 2-benzfluorenone (2-6 g.) in dry benzene 
(50 c.c.) was added to a Grignard solution prepared from methyl iodide (4-26 g.), magnesium 
(0-7 g.), and ether. The mixture was boiled for 2 hours, cooled, and decomposed with ice and 
ammonium chloride. The 9-methyl-1 : 2-benzfluoren-9-ol (2-30 g.) formed colourless transparent 
plates, m. p. 170-5—171-5°, from benzene (Found: C, 88-1; H, 5-5. Cj ,sH,,O requires C, 87-8; 
H, 5-7%). 

9-Methyl-1 : 2-benzfluorene (V).—A solution of the above fluorenol (1-6 g.) in pure acetic acid 
(50 c.c.) was refluxed for l hour. After cooling, the solution was shaken with hydrogen in the 
presence of Adams’s catalyst (0-1 g.)._ The filtered solution was poured into water and extracted 
with benzene, the extracts freed from acetic acid and evaporated, and the residue distilled 
from an air-bath under high vacuum. 9-Methyl-1 : 2-benzfluorene (0-75 g.) was obtained in pale 
yellow plates, m. p. 120-5—122-5°, from acetic acid (Found: C, 94:0; H, 5-9. C,,H,, requires 
C, 93-9; H, 6-1%). 

The bis-s-trinitrobenzene complex formed orange blades, m. p. 109—111°, from alcohol 
(Found: C, 55-2; H, 3-1. C,,H,,,C,,H,O,,N, requires C, 54-9; H, 3-1%). 

9-Methylfiuoren-9-ol.—This was prepared in an identical manner from fluorenone (3-6 g.) 
and methylmagnesium iodide. It formed large colourless prisms (3-35 g.), m. p. 173—174° 
(Ullmann and Wurstenberger, Ber., 1905, 38, 4107, give m. p. 174-5°). 

9-Methylfiuorene.—The above fluorenol (1 g.) was boiled with acetic acid (40 c.c.) for 1 hour, 
and the cooled solution hydrogenated as above. This was complete in 20 minutes. The 
9-methylfluorene (0-7 g.) formed colourless crystals, m. p. 45—46°, from methyl alcohol (Mayer, 
Ber., 1913, 46, 2586, gives m. p. 46°). 


My thanks are due to Professor J. W. Cook, F.R.S., for his interest in this work, to the 
Finney-Howell Research Foundation for a fellowship, and to the British Empire Cancer Campaign 
for a grant to the Institute. 
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94. The Mutarotation of Ethyl-alcoholic Solutions of 1-Menthyl 
Benzoylformaite. 


By MARGARET M. JAmison and E. E. TURNER. 


The mutarotation at the ordinary temperature of ethyl-alcoholic solutions of 
l-menthyl benzoylformate described by McKenzie and Mitchell (Biochem. Z., 1929, 208, 
456) is shown to require the presence of traces of water. In absolute alcohol the 
mutarotation is too rapid to be measured at the ordinary temperature, but becomes . 
measurable at 0°. Preference is expressed for the view that mutarotation depends 
on hemiacetal formation between the ethyl alcohol and the ester. 


McKENZIE (J., 1904, 85, 1249) showed that when /-menthyl benzoylformate reacted with 
methylmagnesium iodide, unequal amounts of the diastereoisomeric menthyl atrolactates 
were formed: saponification of the product gave an optically active atrolactic acid. This 
was followed by numerous asymmetric syntheses of a similar type. In 1929, McKenzie 
and Mitchell (loc. cit.) made the interesting observation that in certain solvents (Table I) 
l-menthyl benzoylformate exhibited mutarotation and that in others (Tables IIa and II6) 
it did not : | 
TABLE I. TABLE II. 
a. b. 

Ethyl alcohol Acetone Methyl alcohol 

n-Propyl alcohol Anisole ' Allyl alcohol 

n-Butyl alcohol Benzene isoPropyl alcohol 


isoButyl alcohol Chloroform tert.-Amyl alcohol 
l-Amy] alcohol Ether sec.-Octyl alcohol 
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Similar observations were made with other keto-esters (McKenzie and Mitchell, Biochem. 
Z., 1930, 224, 241; 1931, 228, 471; McKenzie and Ritchie, ibid., 1931, 231, 412; 287, 1; 
1932, 250, 376; McKenzie and Christie, ibid., 1935, 277, 426: the results were summarised 
by McKenzie in 1936, Ergebn. Enzymforsch., 5, 49). 

McKenzie connected the results of the earlier and the later series of investigations, 
and, at a time when the conception of the carbonyl group was attracting considerable 
attention, saw in his observations evidence for “ induced asymmetry ” of the carbonyl 
group. l-Menthyl benzoylformate was assumed to be ——— of exhibiting diastereo- 
isomerism, expressed by the two forms : 


Ph—CO—CO-0-C,,His Ph—CO—CO-0°C, 5H, 


In alcohol and Table I solvents generally, mutarotation was observed and was attributed 
to the slow conversion of the ester into unequal amounts of the above diastereoisomerides. 
In ether and Table II solvents generally, mutarotation was not observed, and the conversion 
was therefore assumed to be too fast to be measured. Thus, when an ethereal solution of 
lLmenthyl benzoylformate was treated with a Grignard reagent, the latter met unequal 
amounts of the two diastereoisomerides and so asymmetric synthesis became possible. 

We are not aware that any explanation other than this has been offered for the results 
of the Grignard synthesis, but hemiacetal formation has been considered (McKenzie and 
Mitchell, loc. cit.; Ebert and Kortiim, Ber., 1931, 64, 342) as an explanation of the 
mutarotation of ethyl-alcoholic solutions of /-menthyl benzoylformate. This, in absence 
of the Grignard results, would explain why mutarotation cannot be observed in ether, 
benzene, etc., and the fact that it was not observed with certain alcohols other than ethyl 
could not be regarded as evidence against the hemiacetal theory. It must be pointed out, 
in favour of the hemiacetal view, that since such compounds as mesoxalic esters form 
isolable hemiacetals when treated with ethyl alcohol (cf. Curtiss and Spencer, J. Amer. 
Chem. Soc., 1909, 31, 1055), it is at least unlikely that menthyl benzoylformate, with two 
electron-attracting groups attached to the carbonyl group, would not tend to form a 
hemiacetal when dissolved in excess of ethyl alcohol. 

Theoretically, it should be possible to distinguish by kinetic measurements between 
“asymmetric induction ’’ at the carbonyl group and hemiacetal formation. The former 
process would clearly be a unimolecular one in all circumstances, while the addition : 


OH QEt 
Ph—CO—CO-O-CygH yy ——> Ph—C—CO-O-CygHyy + Ph—C—CO-OC pH 
I OEt l OH 1 
d 1 


should show first-order kinetics when the alcohol is present in excess, but second-order 
kinetics when alcohol and ester are present in approximately equivalent amounts. We 
have endeavoured to examine this experimentally. The conditions favourable to the 
bimolecular reaction could not be realised, because the ester is sparingly soluble in ethyl 
alcohol, and when the ester and alcohol are mixed in equivalent quantities in inert solvents 
mutarotation is either too slow or too slight to be detectable. Were the mutarotations 
observed by McKenzie and his co-workers due to the asymmetric induction effect, it is 
surprising that it did not occur in so many solvents: absence of mutarotation when 
alcohol and the ester were mixed in an inert solvent fits in with the hemiacetal explanation, 
since hemiacetal formation may well require a considerable excess of alcohol to make it 
appreciable. 

McKenzie and Mitchell (loc. cit.) found that in ethyl alcohol dried over quicklime and 
then over calcium the specific rotation of +-menthyl benzoylformate changed during 24 
hours from [«]?,, — 54° to — 59° and thereafter remained constant (c = 2-9988; «changed 
from — 3-21° to — 3-56°; 1 = 2). They concluded (Biochem. Z., 1930, 224, 241) that the 
presence of small quantities of water did not affect the mutarotations they observed with 
their alcoholic solutions. 

In attempting to repeat their experiments, we have found that at 18-8° solutions of the 
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ester in ethyl alcohol containing amounts of water of the order of 0-05—0-10% exhibit the 
type of mutarotation they describe, the final specific rotation [«]3{7 being — 60-8° (/ = 2; 
c = 4-783). With absolute ethyl alcohol we observed no mutarotation at 18-8°, the solution 
showing from the very outset the specific rotation — 60-8°. This result suggested that in 
anhydrous alcohol mutarotation is too rapid to be measurable at the ordinary temperature, 
but opened up the possibility that it might be observable at lower temperatures. In fact, 
we were able to demonstrate it at 0°. Moreover, addition of small quantities of water 
to an absolute-alcoholic solution prepared at 18-8° had no observable effect on the specific 
rotation either immediately or after 24 hours, thus indicating that mutarotation had already 
proceeded to completion. The identity of the final rotations in alcohols of different water 
content suggests that the equilibrium composition is independent of the water concentration 
if the latter is low : it is unlikely that the figure, — 60-8°, is the result of change in equilibrium 
composition being exactly compensated by the change in solvent property. 

The decelerating effect of water on the observed mutarotation approaches a constant 
value which is attained when about 0-15% of water is present. We have demonstrated 
this by quantitative study of the mutarotation of /-menthyl benzoylformate in alcohol 
containing varying amounts of water. The mutarotations all followed the first-order law, 
and are summarised below, k being calculated in decadic logarithms here and throughout. 


Time of first reading after e. k X 108 (min.—) 
EtOH, %. dissolving (mins.). itial. Final. at 18-8°, 
99-98 , —60-8° 13-0 
99-96 ° — 60-8 0-93 
99-86 , — 60-5 0-73 
99-05 ° — 60-8 0-78 


In all experiments, 7 = 2. In the first three experiments, c = 4-783, and in the last, 
c = 3-5175. 

With different samples of ethyl alcohol, freed as far as possible from all traces of water, 
three experiments gave the following results : 


[a]... [aig = & x 108 (min) 
Initial. Final. Final. at 0°. 
—58-0° —64-0° se 
—50°5 —64-7 —60-8° 41 
—52-9 —63-9 — 170 


The divergence between the values of k obtained on two different occasions is an indication 
of the sensitivity of the change to traces of water. It may be noted that the initial specific 
rotation of /-menthyl benzoylformate in “‘ absolute ’ alcohol could be used to diagnose 
the freedom of the solvent from water, as consideration of the above figures shows. 


Our first explanation of the mutarotational effects observed was based on the following 
scheme : 


H ® OH? OH 
Ph-CO-CO:0°C,,Hi, => at Gales is == Ph-C-C0:0°C,,Hiy 
(I.) l H l OH aur) / 
d+i_ (i) 


OEt 
ed ia oe (IV.) 
H l 

a@+1 
In absence of any evidence to the contrary, it may be assumed that the final product in 
anhydrous alcohol or in alcohol containing small amounts of water is (IV), since the final 

specific rotation is — 60-8° in all cases. 

A simple explanation of the changes observed then appeared to be that (I) —> (II) 
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and (II) —-> (III) were fast reactions, but (III) —> (IV) and (III) —> (II) slow reactions. 
If, then, (II) —> (IV) is much slower than (III) —> (IV), the deceleration due to water 
is accounted for. On the other hand, we know that in absence of water (I) —> (IV) is a 
very rapid process. Moreover, it seems extremely unlikely that water, which shows no 
tendency to combine with (I) in absence of alcohol, should combine with it when alcohol is 
present in large excess. In this connexion it must be remembered that the relatively very 
stable chloral hydrate, analogous to (III), can be converted by the action of alcohol in excess 
into chloral alcoholate, analogous to (IV). Similarly, chloral alcoholate, dissolved in excess 
of isoamyl alcohol, gives chloral “‘ isoamyl alcoholate ’’ (Gadamer, Arch. Pharm., 1905, 
243, 30). 

In previous communications (Jamison and Turner, J., 1938, 1646; 1940, 264) emphasis 
has been laid on the large quantitative difference, almost amounting to a qualitative one, 
between the condition of acid—base combinations in hydroxylic solvents on the one hand 
and non-hydroxylic solvents on the other. Particular attention may also be directed to the 
extraordinary effect on the activation of the cinchonidine salt,of N-benzenesulphonyl- 
8-nitro-l-naphthylglycine of traces of alcohol in the main solvent used (chloroform). ~ 

There is little evidence, apart from the results now communicated, as to the effect upon 
the velocity of a reaction occurring in ordinary “ absolute alcohol’ of removing the last 
traces of water, the reason possibly being that hitherto it was not to be expected that such 
an inquiry would be fruitful. 

Taking the situation as it is, however, it does not seem impossible that, compared with 
ordinary “‘ absolute alcohol,” anhydrous alcohol may behave as possessing only weak 
proton-donating properties. The point is at any rate worth examining, and leads to the 
suggestion that, although in slightly wet alcohol reactions of an ionic type begin the process 

Ph measured as a mutarotation, yet in anhydrous 

C..H .O-co>--—9 ... HOEt (v.) alcohol “hydrogen bond” or resonance com- 

ion ; plexes such as (V) are concerned. The intra- 

molecular rearrangement of (V) to (IV) should be extremely rapid compared with the 
bimolecular processes involved in the formation of (II). 

We conclude, therefore, that in anhydrous alcohol the mechanism of the rapid 
mutarotation observed at 0° is that just outlined, and that in alcohol containing small 
amounts of water an ionic mechanism functions, but that (III) is not necessarily an 
important intermediate in the conversion of (I) into (IV). 

The mechanism of the asymmetric syntheses by the Grignard method may be compared 
with the above mechanism for the anhydrous alcohol solution : 


R 
(A) >C=O0 —> >C=0->Mg}X —> >CR—OMg}X 
(B) SC=0 + RMg}X —> >CR—OMg}X 


Addition of RMgX is different from the addition of EtOH because it is irreversible. For 
this reason, it seems probable that mechanism (A) more truly represents the facts than (B). 
The first sequence of changes would clearly permit, indeed require, an asymmetric synthesis, 
because of the different stabilities of the two intermediate complexes. 

It must, in conclusion, be pointed out, that, although in the Grignard reactions, 
asymmetric synthesis is an established fact, there is so far no evidence that the mutarotation 
observed with an alcoholic solution of /-menthyl benzoylformate is due to anything more 
complex than simple solvation : the point remains unproven. 


EXPERIMENTAL. 


l-Menthyl benzoylformate, prepared as described by McKenzieg(J., 1904, 85, 1249), was 
crystallised from ethyl alcohol and dried in a vacuum over sulphuric acid : it was then free from 
possible traces of solvent of crystallisation (Found : C, 75-0; H,8-4. Calc. : C, 75-0; H, 8-4%). 
The absolute ethyl alcohol used was obtained by leaving the commercial material over 
quicklime for several weeks, heating it under reflux with barium oxide, and finally distilling it 
from fresh barium oxide througha Widmercolumn. Precautions were taken to exclude moisture, 
and the alcohol was used within a few minutes of being distilled. Alcohols of definite water 
oo 
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content were made by adding water to the absolute alcohol, the percentages mentioned being 
those by weight. 

Mutarotations at 18-8°.—In these experiments the /-menthyl benzoylformate was weighed in a 
20-c.c. stoppered flask (if necessary then dried in a vacuum over sulphuric acid), and the alcohol 
added, with temperature control. 

(1) 99-98% Alcohol; c = 4-783. The first polarimetric reading (} = 2) was made 10 mins. 
after wetting ester “with solvent; alf® changed from — 5-21° to — 5-82°, whence change in 
[x]i8S was from — 54-45° to — 60-8°; & = 0-013 (min “* (limits, 0-0155 and 0-0123). 

(2) 99-96% Alcohol; c = 4-783. First reading in 11 mins. Change in aff, — 4-96° to 
— 5-82°. Change in [a]382", — 51-:8° to — 60-8°; & = 0-00093 (min) (limits, 0-0010 and 
0-00087). 

(3) 99-86% Alcohol; c = 4-783. First reading at 0-22 hr. Change in [a)}7, — 51-3° to 
— 60-5°. Time (#, in hrs.) is reckoned from 0-22 hr. . 


D vtiiehiewsses 0-0 2-0 3-0 5-0 6-0 7-0 8-0 9-0 12-0 © 
Ge cvecccece —4-91° —5-08° —5-15° —5-26° —5-315° —5-355° —5-385° —5-42° —5-51° —5-79° 
k (hr.-) ... _ 00465 0-046 0-044 0-:0445 00435 0042 0041 0041 — 


k = 0-044 (br) or 0-00073 (min.-). 


(4) 99-05% Alcohol; c = 3-5175. First reading in 3 mins.; aj§{ changed from — 3-63° to 
— 5-82°, [a] from — 51-6° to — 60-8°; k = 0- 00078 (min. -1) (limits, 0-00070 and 0-00088). 

Readings in 100% alcohol at 18-8°. (1) c = 4-783, msde — 582°, [a]i§ — 60-8°; first reading 
in 24 mins.; no change in 24,hours. (2) c = 4-783, alfS — 5-81°, (aise — 60-7°; no change on 
keeping. 

Mutarotations in 100% alcohol at 0°. (1) c = 2-3710; first reading 3-6 mins, after mixing; 
t reckoned from this stage. 


H cccscsece 0-0 0-6 1-6. 2-1 2-45 3-75 6-5 6-8 7-6 

GQ sesseeeee » — 252° —2-56° —2-61° —2-63° —2-66° —2-73° —2-86° —2-86° —2-89° 
k (min.-) —_ 0:0420 0-0368 00-0348 0-:0389 0-0406 0-0436 0-0416 0-0421 
B  seccccese 9-25 10-8 11-15 11-6 11-9 15-2 16-0 ~ 


i caaahcies —2-88° —2-98° —2-99° -—2-99° -—3-03° -—3-09° —3-11° | —3-23° 
k(min—)  0-0332 00-0420 0-0423 00-0406 0-0462 0-0464 0-:0483 — 
k = 0-041 (min). 
(2) c = 2-0500; & = 0-17 (min.-) (limits, 0-19 and 0-14). 


We thank Imperial Chemical Industries for a grant. 
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95. The Internal Phase and the Emulsifier as Factors determining 
the Viscosity of Oil-in-water Emulsions. 
By B. A. Toms. 


An investigation of the influences of the internal phase and the emulsifier upon 
the viscosity of an emulsion has been made. Series of oil-in-water emulsions (all 
identical with one another as regards phase-ratio, external phase, type and concen- 
tration of emulsifier) were prepared with a variety of organic liquids as internal 
phases and a number of univalent soaps as stabilisers. . 

The viscosities of the emulsions were measured at 20°, and from the results 
obtained the active volume of the internal phase in each was calculated by means of 
Hatschek’s formula: ¢ = (x' — »,)*/7’*. 

An explanation, attributing the observed variations in viscosity to interactions 
between oil, soap, and water, is advanced. 

The introduction of a numerical correction factor in the Hatschek equation is 
suggested. 


Factors controlling the viscosity of a concentrated emulsion may be summarised under 
three heads: (1!) the nature, amount, and degree of dispersion of the internal phase; 
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(2) the nature, amount, and phase-distribution of the stabilising agent; (3) the nature 
and amount of the external phase. In addition, account must also be taken of inter- 
actions between the constituents of the system. Although the known influence of paraffin- 
chain salts upon the mutual solubilities of organic substances and water (cf. Pickering, 
J., 1907, 91, 2001; 1917, 111, 86; Lester Smith, J. Physical Chem., 1932, 36, 1401, 1672, 
2455; Lawrence, Trans. Faraday Soc., 1937, 38, 325) renders the possibility of such 
interaction specially important in emulsions of the oil-soap—water class, yet the relevant 
literature contains no record of any thorough investigation of this aspect of their viscosity. 
In these circumstances it was decided to study emulsion viscosity under conditions where, 
in particular, the influences of the internal phase and the emulsifying agent would be 
emphasised. 
EXPERIMENTAL. 

A. (1) Emulsions.—Attention was confined to oil-in-water systems of 50/50 phase-volume 
ratio. Arranged in order of increasing density, the oils used as internal phase were: 
(1) n-hexane, (2) cyclohexane, (3) xylene, (4) toluene, (5) decalin, (6) benzene, (7) tetralin, 
(8) aniline, (9) chlorobenzene, (10) nitrobenzene, (11) chloroform. For stabilisation of the 
emulsions a series of ten univalent soaps, comprising the sodium and potassium salts of lauric, 
myristic, palmitic, stearic, and oleic acids, was selected. Since the characteristics of emulsions 
of different oils in water stabilised by a single agent, and those of a single oil stabilised by 
different agents, were found to vary widely, some difficulty was experienced in choosing an 
emulsifier concentration which would permit of the maximum number of reliable viscosity 
measurements being obtained. Eventually it was decided to employ two concentrations of 
each soap (0-001 and 0-002 mol. per 100 c.c. of emulsion) so that, in addition to studying 
the factors already specified, some check might be kept upon the influence of emulsifier 
concentration on viscosity. 

(2) Preparation of Emulsions.—100 C.c. of each emulsion were prepared in a tall, glass- 
stoppered bottle of 250 c.c. capacity, and 50 c.c. of aqueous solution containing either 0-001 or 
0-002 mol. of sodium or potassium hydroxide were measured into the bottle, followed by 50 c.c. 
of organic liquid containing the molar equivalent of a fatty acid. 

Emulsification was carried out by hand-shaking, Briggs’s “‘ intermittent” technique (J. 
Physical Chem., 1920, 24, 120) being used with a “ rest-interval”’ of 30 secs. In all cases not 
more than 6 shakes were needed to effect complete dispersal of the internal phase. Immediately 
after preparation, each emulsion was homogenised by passing it five times in quick succession 
through a hand-operated cream-making machine (‘‘ Pentecreme’”’ pattern). It was then set 
aside for 24 hours before examination. 

(3) Description of the Emulsions.—Wide variations in characteristics were observed amongst 
the emulsions. Of those suited to the purpose of the present investigation all except those 
stabilised by oleates creamed more or less rapidly, the rate of sedimentation decreasing in the 
following order of soaps: laurates, myristates, palmitates, stearates. Emulsions containing 
salts of oleic acid creamed slowly and were very stable. In general, of the emulsions stabilised 
by soaps of saturated fatty acids, those emulsified by laurates broke down most rapidly. 
Except in a few cases, enhanced stability, due to increasing the soap concentration from 
0-001 to 0-002 mol. per 100 c.c. of emulsion, was not apparent during the 7 days following 
homogenisation. , 

With three exceptions, emulsions which could not be used were rejected because in the 24 
hours following homogenisation “ clotting ’”’ took place, the systems changing to a stiff, or 
semi-stiff, blancmange composed of groups of globules of disperse phase tightly packed together 
and embedded in soap gel. The tendency to clot was clearly determined by the nature of the 
internal phase and that of the soap. The character of these clotted emulsions altered notably 
as they aged: after 2 weeks’ standing, complete breakdown had occurred in most cases, leaving 
a plug of solvated soap floating in portions of the free internal and external phases. 

(4) Measurement of Emulsion Viscosity.—Despite some doubt as to the optimum conditions 
and the most suitable instrument for the measurement of emulsion viscosity, it is generally 
conceded that comparison of the viscosities of emulsions of closely similar composition may 
reasonably be attempted. Since, in the present investigation, the emulsions under consider- 
ation differed from one another only as regards the natures of the internal phase and emulsify- 
ing agent, it was decided to use a U-tube viscometer. All measurements were made at 20°, 
and 10 separate determinations of the time of flow of each emulsion were carried out and 
averaged. : 
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The viscosities, expressed in centipoises, of all the emulsions examined are recorded in 
Table I, the internal phase in each case being designated by the number assigned to it on 
p. 543. The sub-headings (1) and (2), under which the results for each soap are set forth, 
correspond respectively to the two emulsifier concentrations used, viz., 0-001 and 0-002 mol. 
of soap per 100 c.c. of emulsion. 


TABLE I. 


n (centipoises). 








Myristate. Palmitate. Stearate. 
| aT. 
(2). (1). (2). 


Emulsions stabilised by sodium soaps. 
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7-61 —(s) 


Emulsions stabilised by potassium soaps. 


7-60 7-89 8-20 7-75 6-48 

7-92 8-33 8-12 8-16 

8-31 8-84 8-33 8-49 

8-02 8-60 7-99 8-36 

8-34 8-82 8-96 9-22 

7-15 7-59 7-55 7:97 

8-62 9-50 8-81 9-19 

8:73 8-24 —(c) —(s) 

8-39 8-81 8-32 8-63 

8-01 8-83 8-90 9-81 

7-40 7:35 6-83 7-15 

(b) = Unstable emulsion which broke within 24 hours of homogenisation. 
(c) = Emulsion contained clots of soap-gel. 

(s) = Emulsion stiffened, becoming semi-solid within 24 hours of homogenisation. 
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B. Before Hatschek’s formula could be utilised (see p. 546), knowledge of the coefficients 
of viscosity of the several external phases employed in the present investigation had to be 
obtained. The viscosities of the appropriate 0-02mM- and 0-04m-aqueous soap solutions were 
therefore measured at 20°, a Héppler viscometer being used, and each solution being allowed 
to age for 24 hours before examination. 

Of the soap solutions prepared, only those of the laurates and oleates of sodium and 
potassium and potassium myristate were suited to viscometry; the others contained lumps of 
curdy material. The values of y, in centipoises, for the solutions examined are recorded in 
Table II. 

The values of h (see p. 546), derived from data in Table I by substituting the appropriate 
values of 7’ and », in Hatschek’s equation, are set forth in Table III, in which the headings 
(1) and (2) have the same significance as before. 


TABLE II. 
Viscosities of aqueous soap solutions at 20°. 


7 (centipoises). 
0-02. 0-04m. 
1-03 1-06 
1-03 1-08 
Potassium myristate . eee 1-04 1-10 
Sodium oleate ses 1-09 1-14 
1-08 1-15 
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TABLE III. 
h. 


Sodium soaps. Potassium soaps. 
Laurate. Oleate. Laurate. Myristate. Oleate. 
sn ‘ = ~ ~  -  apeneieoeere.. 
(2). (1). , (1). (2). (1). . (1). (2). 
: ° : 1:30 - 1 B R ; 
1-30 
1-32 
1-32 
1-36 
1-28 
1-36 
1-26 
1-32 


1-24 








DISCUSSION. 


The data recorded in Table I are discussed under three heads. 

A. (a) Influence of the nature of the soap. The substitution of potassium for sodium 
as basic radical produces no significant change in the viscosities of emulsions stabilised 
by laurates and oleates, but notable changes occur when the myristates, palmitates, or 
stearates are used. In these cases most of the emulsions stabilised by sodium soaps were 
semi-solid, whereas the majority of those emulsified with the potassium soaps were quite 
fluid. These differences may be ascribed to the fact that aqueous solutions of sodium 
soaps acquire a gel structure at much lower concentrations than their potassium counter- 
parts. Also, since the laurates and oleates of both metals are more soluble than their 
myristates, palmitates, or stearates, gelation of aqueous solutions of the former does not 
occur at the low concentrations in which it is observed with the latter soaps. 

In general, emulsions stabilised by oleates are less viscous than the others, and of the 
emulsions containing soaps of saturated acids, those emulsified by the laurates are the 
most fluid. Next in order of increasing viscosity come the emulsions prepared with the 
myristates, but little can be said about the relative viscosities of emulsions stabilised by 
palmitates and stearates though it would appear that these salts of potassium give 
emulsions with viscosities little different from those containing potassium myristate. 

(b) Influence of the internal phase. The viscosity of an emulsion is clearly influenced 
by the nature of its internal phase. Amongst the emulsions stabilised by a particular 
soap wide variation in viscosity is apparent, but if the results grouped under each soap 
are arranged in order of magnitude it is found that in no two cases is precisely the same 
sequence obtained. Hence the effect of a given oil is not specific but depends, in part, 
upon the nature and amount of the emulsifier. For instance, of the emulsions stabilised 
with 0-002 mol. of potassium laurate, that containing aniline as disperse phase is the least 
viscous, but the aniline emulsion has the greatest viscosity of those emulsified with either 
0-001 or 0-002 mol. of potassium oleate. 

The nature of these findings suggests that the internal phase probably exerts its 
influence on the viscosity of an emulsion by interacting with the film of emulsifier 
surrounding the globules. 

(c) Effect of varying the amount of emulsifier. Increase of the soap concentration 
from 0-001 to 0-002 mol. per 100 c.c. of emulsion produces in most cases an increase in 
viscosity, the magnitude of which varies with the nature of both the internal phase and 
the soap. In a few cases a decrease in viscosity was found. 

Some elucidation of this fact may be achieved by correlation with results obtained by 
Wilson and Parke (Quart. ]. Pharm., 1936, 9, 188), who studied the effect of increasing 
the concentration of sodium oleate on the viscosity of a 70/30 benzene-in-water emulsion 
stabilised by that soap. It was found that the viscosity passed through a minimum 
when approximately 0-25 g. of soap was present in 100 c.c. of emulsion. Now, 0-25 g. 
of sodium oleate per 30 c.c. of aqueous phase corresponds to 0-42 g. (or ca. 0-0013 mol.) 
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per 50 c.c. of continuous phase. Thus, despite the disparity in phase-ratio between the 
emulsions studied by Wilson and Parke and those used in the present investigation, the 
physicochemical condition of the emulsifier is almost the same in both series. In these 
circumstances some comparison between their results and those described above seems 
possible. 

It would appear that the viscosity of any one of the emulsions used in the present 
investigation is in the near neighbourhood of the minimum in the appropriate viscosity— 
concentration curve. In the majority of cases, where alteration of the soap concentration 
from 0-001 to 0-002 mol. per 100 c.c. of emulsion produces an increase in viscosity, it is 
evident that the emulsion of minimum viscosity in each of the several series must contain 
less than 0-002 (and, perhaps, less than 0-001) mol. of soap. Where a decrease in emulsion 
viscosity occurs on doubling the emulsifier concentration it is clear that the minimum in 
the appropriate curve must occur with more than 0-002 mol. of soap per 100 c.c. of 
emulsion. 

On this basis two general conclusions may be derived from the results in Table I: 
(i) in emulsions of a particular oil in water stabilised by different soaps, the location of 
the minimum in the curve connecting emulsion viscosity and concentration of emulsifier 
varies with the nature of the soap; (ii) in emulsions stabilised by a single soap, but 
having different internal phases, the soap concentration producing the least viscous 
emulsion is different for different oils. 

Further elucidation of these findings may be achieved by using an equation (Hatschek, 
Kolloid-Z., 1911, 8, 34) connecting the viscosity of an emulsion with that of its external 
phase and the volume-ratio of the internal phase, viz., 6 = (n’ — n,)3/n’3 where »’ and », 
are the coefficients of viscosity of the emulsion and of the external phase, respectively, 
‘ and ¢ = (Volume of globules) /(Total volume of emulsion). The accuracy of this formula, 
which implies that the internal phase influences the viscosity of an emulsion by virtue of 
its volume concentration alone, was investigated by Sibree (Trans. Faraday Soc., 1930, 
26, 26; 1931, 27, 161), who found that if the volume ratio of the globules in an emulsion 
be calculated from the above formula it is almost always greater than its actual value, 
provided that this latter is at least 0-5; in the emulsions he examined, the ratio of 
calculated to actual volume ratio was usually equal to ca. 1-3:1. Concerning this ratio, 
which he designated by h, Sibree remarked: “ If we assume the formula (7.e., Hatschek’s) 
to be correct, these figures indicate that the active volume of the disperse phase is 
throughout about 30 per cent. greater than that of the paraffin itself.’ The general 
implication of Sibree’s findings, viz., that the viscosity of an emulsion is dependent upon 
the active bulk of the internal phase, is clearly of considerable value for, by determining 
h, a measure of such interaction as may have occurred amongst the components of an 
emulsion is obtained. 

B. Despite the similarity in the recorded values of A (in all cases it is very close to 
1-3, as found by Sibree who worked with emulsions of a different character), certain 
significant variations are noticeable, suggesting that differences in the active volume of 
the internal phase exist among the emulsions examined. 

(a) Influence of the emulsifier on the value of h. Variations due to the substitution of 
potassium for sodium as basic radical are without significance, being of the order of 1% in 
most cases; but alteration of the fatty acid radical of the soap produces notable change, 
of the order of 10—20%, in the value of h for a particular oil-water system: whereas soaps 
of the saturated acids (lauric and myristic) give emulsions for which the mean value of h is 
close to 1-3, yet those of oleic acid seem to stabilise emulsions in which the active volume 
of the internal phase is rather smaller, 4 approximating more nearly to 1-2. 

Increase of the concentration of emulsifier from 0-001 to 0-002 mol. per 100 c.c. of 
emulsion appears to cause little change in the active volume of the disperse phase. 

(b) Influence of the internal phase on the value of h. The data show very clearly that 
notable changes in the active volume of the disperse phase stabilised by a particular soap 
result from alteration of the organic liquid emulsified. 

It may therefore be concluded that the active volume of the internal phase in an 
oil-in-water emulsion depends upon (i) the nature of the emulsifying agent (where water- 
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soluble soaps are used, it depends on the nature of the fatty acid radical but is independent 
of the basic radical), and (ii) the nature of the oil used as internal phase. 

A partial explanation of these findings can be based upon the mutual solubilities of 
organic liquids, soaps, and water. It is now abundantly clear (cf. Wellman and Tartar, 
J. Physical Chem., 1930, 34, 379; Lester Smith, Joc. cit.) that in the system organic 
liquid-soap—water. profound changes in both the physicochemical condition and phase 
distribution of each component may be brought about by suitable means. From the 
standpoint of the present investigation the fate of the soap is primarily of interest since 
a film of it, adsorbed at the liquid-liquid interface, determines the main characteristics of 
an emulsion. 

In all emulsions used in the present investigation the external phase consisted of an 
aqueous soap solution either 0-02m or 0-04m in concentration. According to McBain and 
Jenkins (J., 1922, 121, 2325) and Hartley (‘‘ Aqueous Solutions of Paraffin-chain Salts,” 
Paris, 1936), solutions of these concentrations contain colloidal material. In the case of 
lower soaps, in the more dilute solution, much of this is probably composed of acid soap 
produced by hydrolysis, but with the higher soaps, formation of both neutral colloid and 
ionic micelles has commenced at these concentrations. 

When globules of an organic liquid are distributed throughout such solutions, adsorp- 
tion of soap at the. liquid-liquid interface occurs and a film is formed. Subsequently, one 
or more of the following actions may take place: (1) Part of the soap, in the form of 
re-orientated micelles, may cross the interface and enter the oil globules, there forming a 
gel of solvated soap (Wellman and Tartar, loc. cit.); this, coupled with such change as it 
may cause in the packing, and hence the rigidity, of the interfacial film, is likely to alter 
the deformability, if not the actual bulk, of the globules. (2) Alteration of the mutual 
dispersion of the internal and external phases, caused by the soap (cf. Lester Smith, loc. 
cit.), may change the phase-volume ratio of the system. (3) Transfer of organic liquid 
across the interface may result in peptisation of the soap micelles in the aqueous external 
phase (Lawrence, loc. cit.). Any one of these effects will in some measure control the 
viscosity of the system (cf. Schulman and Cockbain, Trans. Faraday Soc., 1940, 36, 651; 
Richardson, Kolloid-Z., 1933, 65, 32; Lawrence, Proc. Roy. Soc., 1935, A, 148, 59), and 
it is thus clear, from the results now obtained, that the natures of the internal phase and 
of the emulsifier must be regarded as factors of importance in determining the viscosity 
of an emulsion. The data recorded above, coupled with those of Sibree (loc. cit.), indicate 
that the accuracy of Hatschek’s equation for the viscosity of an emulsion will be enhanced 
by the introduction of a numerical correction factor, giving 


¢ = 1-3 (Volume of globules) /(Total volume of emulsion). 
THE QUEEN’s UNIVERSITY OF BELFAST. [Received, May 22nd, 1941.) 





96. A New General Method for the Preparation of o-Hydroxy- 
aldehydes from Phenols and Hexamethylenetetramine. 


By James C. Durr. 


The preparation of sixteen phenolic aldehydes from phenols is described, including 
two new dialdehydes. The phenol is heated with hexamethylenetetramine in . 
anhydrous glycerol in the presence of glyceroboric acid. Diluted sulphuric acid is 
then added, and the mixture steam-distilled, giving the o-hydroxy-aldehyde free from 
unchanged phenol. The probable mechanism of the reaction is indicated. 


SALICYLIc acid and $-naphthol react with hexamethylenetetramine in anhydrous acetic 
acid at 100° and the products, on hydrolysis with hydrochloric acid, yield respectively 
3- and 5-aldehydosalicylic acid and 2-hydroxy-l-naphthaldehyde (Duff and Bills, J., 
1934, 1305). Later experiments showed that phenol and the cresols when submitted to the 
same reaction yield small amounts of o-hydroxy-aldehydes, separated by steam-distillation. 
A search for an anhydrous acid medium more suitable than acetic acid led to experiments 
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with glycerol and boric acid. It was necessary to avoid formation of water, as this would 
produce formaldehyde from the hexamethylenetetramine. A suitable anhydrous acid 
medium consisting of glyceroboric acid in anhydrous glycerol was prepared by heating 
excess of glycerol with boric acid at 170° until free from water. In the resulting liquid 
the phenol was heated with hexamethylenetetramine, in most cases at temperatures between 
150° and 160°. The dark brown, viscous liquid so obtained was mixed with diluted 
sulphuric acid and distilled in steam. Fourteen phenols were used and in every case the 
distillate contained an o-hydroxy-aldehyde. 

In comparing this new method with the Reimer-Tiemann method, the following 
features may be noted. (1) The new method is quicker and in some cases gives a higher 
yield of aldehyde. (2) It is unnecessary to use sodium bisulphite, as there is no unchanged 
phenol in the distillate, an important point in the cases of thymol and carvagrol, both of 
which yield aldehydes which do not combine with sodium bisulphite. (3) The diluted 
glycerol mixture at the steam-distillation stage can be heated to 120—130° while steam is 
passing through it, to facilitate separation of the volatile aldehyde. On the other hand, no 
p-hydroxy-aldehydes could be separated from the residual material in the distillation flask. 

In no case was it found possible to separate an intermediate compound which could 
account for the formation of an aldehyde by the hydrolysing action of the sulphuric acid. 
It is suggested that the reaction caused by the glyceroboric acid may be 

3RH + C,H,.N,—> NH, + 3R°CH,°N:CH, (RH = the phenol) 
followed by isomerisation and hydrolysis : 
R-CH,‘N:CH, —> R-CH:N-CH, —> R-CHO + CH,:NH, 

This view receives support from a reaction described by Sommelet (Compt. rend., 1913, 
157, 854), who heated benzyl chloride and hexamethylenetetramine in aqueous-alcoholic 
solution and obtained a good yield of benzaldehyde. To account for this, Sommelet 
presumed the formation of C,H,-CH,*N:CHg, isomerising to C,H,-CH:N-CH;. In all the 
preparations described below, methylamine was detected in strong concentration when the 
residual liquid after steam-distillation was rendered alkaline with sodium hydroxide. 


_ All the phenols examined yielded the expected o-hydroxy-aldehydes and two new dialde- 
hydes were obtained in addition. In both cases separation from the monoaldehyde was 


H 


Me CHO CHO 
Me 


(I.) (II.) (III) 


easily effected. o-Cresol yielded 3 : 5-dialdehydo-o-cresol (I) and 6-chloro-m-cresol yielded 

6-chloro-2 : 4-dialdehydo-m-cresol (II). These dialdehydes do not form in the Reimer- 

Tiemann reaction. 2-Chloro-m-5-xylenol yielded a new aldehyde, 2-chloro-4-aldehydo- 

m-5-xylenol (III). 
EXPERIMENTAL. 


All the aldehydes recorded below formed yellow solutions in aqueous sodium hydroxide 
and a yellow colour with aqueous ammonia, their o-hydroxy-aldehyde character thus being 
confirmed. All, except the aldehydes from thymol and carvacrol, formed addition compounds 
with sodium bisulphite. As far as possible comparison was made with authentic specimens 
and identity confirmed by mixed m. p. of the aldehydes or of their derivatives. 

Method of Preparation.—Glycerol (150 g.) and boric acid (35 g.) were heated for 30 minutes 
at 170° (thermometer in the liquid) to expel all water; then, at 170°, hexamethylenetetramine 
(25 g.) was added. The mixture was stirred and brought to 160°, the phenol (25 g.) added 
without delay, and the temperature maintained at 150—155° during 15 minutes’ stirring. The 
thick brown liquid was left to cool to 110°, a solution of concentrated sulphuric acid (30 ml.) 
in water (100 ml.) added, and the whole boiled in a current of steam. The liquid aldehydes 
obtained merely required drying and distilling for purification. The solid aldehydes were 
practically pure when collected, the only separation required being in the case of the two solid 
aldehydes obtained from 6-chloro-m-cresol (see below). 
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In earlier experiments the reaction was carried out at 100° instead of at 150°, but the time 
required was usually at least 3 hours and the yield of aldehyde in most cases was lower. 

After the separation of the aldehydes mentioned below, the acid liquid left in the distillation 
flask, when made alkaline with aqueous sodium hydroxide, yielded a large proportion of resinous 
matter, most of which was soluble in sodium hydroxide solution, in which a definite compound 
has not yet been identified. 

In the following table the m. p.’s are also mixed m. p.’s. 


Phenol used 
(25 g.). 
Phenol 
o-Cresol 
m-Cresol 


M. p. or Yield, 
Aldehyde obtained. : 
Salicylaldehyde 
2-Hydroxy-m-tolualdehyde 
3-Hydroxy-p-tolualdehyde 


Derivative. 


Phenylhydrazone, m. p. 142° 
Phenylhydrazone, m. p. 97 


p-Cresol 
o-Chlorophenol 


p-Chlorophenol 
2 : 4-Dichloro- 


9: som f m-tolualdehyde 
3-Chloro-2-hydroxybenzalde- 


5-Chioro-2- -hydroxybenzalde- 
hyde 


yae 
3 : 5-Dichloro-2-hydroxybenz- 


Phenylhydrazone, m. p. 161 
Phenylhydrazone, m. p. 149 


Oxime, m. p. 128 
Oxime, m. p. 195 


phenol aldehyde 
m-5-Xylenol 4-Aldehydo-m-5-xylenol 
4-Hydroxydi- 4-Hydroxy-3-aldehydodiphenyl 


phenyl 
p-Naphthol 2-Hydroxy-1-naphthaldehyde 
o-Carvacrolaldehyde 


Carvacrol 
o-Thymolaldehyde 


Oxime, m. p. 130 
Phenylhydrazone, m. p. 210 


Oxime, m. p. 157 
Semicarbazone, m. p. 180 


Thymol Semicarbazone, m. p. 198 


In the aldehyde preparation from o-cresol, after all the liquid 2-hydroxy-m-tolualdehyde 
had passed over in the steam, there followed on prolonged distillation 1-5 g. of colourless minute 
needles, identified as 3 : 5-dialdehydo-o-cresol (I), m. p. 123° (Found: C, 65-6; H, 4-9. C,H,O, 
requires C, 65-9; H, 4-9%). The dioxime had m. p. 199° (Found: N, 14-5. C,H,,0,N, 
requires N, 14-4%). The dialdehyde gave a yellow solution in aqueous sodium hydroxide 
solution and formed an addition compound with sodium bisulphite which was soluble in the 
bisulphite solution. 

6-Chloro-m-cresol (25° g.) yielded 7-5 g. of a mixture of two aldehydes. Crystallisation from 
75 ml. of 80% alcohol gave 4 g. of colourless minute needles, identified as 6-chloro-2 : 4-dialde- 
hydo-m-cresol (II), m. p. 113° (Found: C, 54:2; H, 3-6; Cl, 17-4... C,H,O,Cl requires C, 54-4; 
H, 3-5; Cl, 17-9%). The dioxime was obtained in small colourless plates, m. p. 148° (Found : 
N, 12-7. C,H,O,N,Cl requires N, 12-3%). After (II) had been separated, the alcoholic filtrate 
was diluted with water (2 vols.) and yielded 2-5 g. of 6-chloro-4-aldehydo-m-cresol in pale yellow 
crystals, m. p. and mixed m. p. 68°. When the preparation was carried out at 100° for 4 hours, 
the yields of the dialdehyde (II) and the monaldehyde were respectively 3-5 g. and 2-5 g. from 
25 g. of the cresol. The Reimer—Tiemann reaction, carried out with 6-chloro-m-cresol (25 g.), 
sodium hydroxide (30 g.), water (150 ml.), and chloroform (35 g.), yielded 9 g. of 6-chloro-4-alde- 
hydo-m-cresol, m. p. 68°, but no dialdehyde. 

2-Chloro-m-5-xylenol (25 g.) yielded 8 g. of 2-chlovo-4-aldehydo-m-5-xylenol (III) in minute 
colourless crystals, m. p. 96° (Found: C, 58-2; H, 5-0; Cl, 19-0. C,H,O,Cl requires C, 58-5; 
H, 4-9; Cl, 19-2%). The oxime had m. p. 197° (Found: N, 7-4. C,H,,O,NCl requires N, 7-0%). 
The Reimer—Tiemann method, carried out with 2-chloro-m-5-xylenol (25 g.), chloroform (35 g.), 
sodium hydroxide (30 g.), and water (200 ml.),"gave only 3 g. of the aldehyde, which was separated 
with difficulty from the large proportion of unchanged xylenol. 

Bell and Kenyon (J., 1926, 3047) prepared the aldehyde from 4-hydroxydiphenyl (see Table) 
by the Reimer—Tiemann method, but did not separate it by steam-distillation. 

The aldehyde obtained from §-naphthol distils in steam rather -slowly. The method of 
preparation using hexamethylenetetramine in glacial acetic acid (Duff and Bills, loc. cit.) is a 
more convenient method in this case. 

o-Carvacrolaldehyde (2-hydroxy-3-methyl-6-isopropylbenzaldehyde) is a pale yellow oil. 
It was obtained by the Reimer—Tiemann reaction by Lustig (Ber., 1886, 19, 14) but not purified 
by distillation. Bell and Henry (J., 1928, 2221) found that.the aldehyde was formed from 
carvacrol by the Gattermann reaction, but only separated the semicarbazone in a pure state. 
They also (loc. cit.) submitted carvacrol to the Reimer—Tiemann reaction and obtained the 
aldehyde mixed with unchanged caryacrol, The new method of preparation gives the aldehyde 
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in almost pure condition, confirmed by distillation under 15 mm. pressure. The semicarbazone 
is the same as that obtained by Bell and Henry, m. p. 180°. The phenylhydrazone has m. p. 
150° (Found: N, 10-6. C,;H, ON, requires N, 10-4%). 

o-Thymolaldehyde (2-hydroxy-6-methyl-3-isopropylbenzaldehyde) obtained by the new 
method of preparation is practically free from unchanged thymol. Distillation at 15 mm. 
pressure yields a pale yellow oil. The oxime, obtained in colourless plates, has m. p. 123° 
(Found: N, 7-6. C,,H,,0,N requires N, 7:3%). By the formation of a semicarbazone Bell 
and Henry (loc. cit.) showed that some o-aldehyde is produced by the Gattermann method 
from thymol. Kobek (Ber., 1883, 16, 2104) applied the Reimer—Tiemann reaction to thymol, 
but reported only the formation of a p-aldehyde and dialdehyde. The present author submitted 
25 g. of thymol to the Reimer—Tiemann reaction. About 7 g. of oil were obtained by steam- 
distillation in the usual way. It contained unchanged thymol and the aldehyde was only 
separated in the form of its semicarbazone. 

The fact that neither o-thymolaldehyde nor o-carvacrolaldehyde forms an addition compound 
with sodium bisulphite prevents separation of the aldehyde in the usual way. 


THE TECHNICAL COLLEGE, BIRMINGHAM. [Received, June 13th, 1941.] 





97. Comments on the Influence of the Solvent on the Relative 
Strengths of Monocarboxylic Acids. 


By J. FREDERICK J. Dippy. 


Lately, our knowledge of the strengths of organic acids in solvents other than 
water has been extended, and it is now possible for the author to amplify his general- 
isations regarding the influence of the solvent on relative acid strengths (Chem. 
Reviews, 1939, 25, 151). The results for substituted benzoic acids in certain aliphatic 
alcohols obtained by Elliott and Kilpatrick (J. Physical Chem., 1941, 45, 454) are par- 
ticularly. interesting, especially since it can be shown that, contrary to the belief of 
these investigators, the relative strengths of the acids in these solvents are in harmony 
with the dissociation constants in aqueous solution except when special factors are 
operative. Measurements made by the author on six monocarboxylic acids in 25% 
aqueous acetone and 20% aqueous sucrose support this finding. 


THE ionisation constants of monocarboxylic acids have commonly been regarded as 
providing a measure of the relative polar effects of substituent groups. The constants 
employed have invariably related to aqueous solution, and it has been a matter of some 
speculation as to whether the same conclusions might have been reached if the ionisation 
constants of the same acids in solvents other than water had been available. 

Measurements on organic acids in a variety of non-aqueous and partly aqueous solvents 
have been accumulating gradually, particularly in the last few years,* and although the 
data are still somewhat scanty it is now possible to state that, in general, the sequence 
of acid strengths remains the same in proceeding from solvent to solvent. It is upon the 
order of strengths of acids in water that the organic chemist has usually based his 
arguments, and it is now justifiable to say that if some solvent other than water had been 
the common one the same fundamental conclusions would have been reached (cf. Dippy, 
loc. cit.). 

In addition to providing general qualitative agreement, the ionisation constants of 
the acids in two given solvents are sometimes quantitatively related in a simple fashion, 
and from a review of the data it appears that quantitative agreement is more common 

* Goldschmidt et al., Z. physikal. Chem., 1916, 91, 46; 1924, 112, 423; 1925, 117, 312; 1927, 129, 
223; Briscoe et al., J. Physical Chem., 1929, 38, 190, 1495; 1933, 37, 787; Halford, J. Amer. Chem. 
Soc., 1931, 58, 2994; LaMer et al., ibid., 1933, 55, 1840; 1938, 60, 1252; Goodhue and Hixon, ibdid., 
1934, 56, 1329; 1935, 57, 1688; Wooten and Hammett, ibid., 1935, 57, 2289; Kilpi and Warsila, Z. 
physikal. Chem., 1936, A, 177, 427; Verhoek, J. Amer. Chem. Soc., 1936, 58, 2577; Griffiths, J., 1938, 
818; Kilpatrick e¢ al., J. Amer. Chem. Soc., 1937, 59, 572; J. Physical Chem., 1939, 48, 259; 1941, 
45, 454, 466, 472, 485; Harned, ibid., 1939, 43, 275; Adell, Z. physikal. Chem., 1940, 186, 27; Kleene, 
Westheimer, and Wheland, J. Amer. Chem. Soc., 1941, 63, 791. 
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than has hitherto been supposed (cf., ¢.g., Hammett, “ Physical Organic Chemistry,” 
McGraw-Hill Book Co., 1940, p. 259). . | 

It is also noteworthy that in order reasonably to satisfy the linear relationship, 
log K, oc 1/D (Wynne-Jones, Proc. Roy. Soc., 1933, A, 140, 440), it is desirable to select 
solvents of a similar chemical type. This is better understood when it is remembered 
that the dielectric constant of a medium is not solely responsible for the extent of 
dissociation of the electrolyte; there is at least the additional factor of the chemical réle 
of the solvent in most cases (Hartley et al., Ann. Reports, 1930, 27, 326; Hovorka and 
Simms, J. Amer. Chem. Soc., 1937, 59, 92; Dippy, loc. cit.; Hammett, op. cit., p. 256), 
for on occasion an acid in solvents of similar dielectric constants exhibits different 
strengths, ¢.g., substituted benzoic acids in aliphatic alcohols and aqueous dioxan (Elliott 
and Kilpatrick, J. Physical Chem., 1941, 45, 485), and acetic acid in ethyl alcohol-water 
and dioxan-—water (Kilpi and Warsila, loc. cit.; Lynch and LaMer, J. Amer. Chem. Soc., 
1938, 60, 1252). It is found, however, that sequences of strengths are well preserved 
despite the varying character of the media used, which include aprotic solvents, ¢.g., 
benzene. 

The anomalous relative strengths exhibited by certain acids are particularly interest- 
ing; it is by excluding these acids that a given sequence of acid strengths is reproduced 
from solvent to solvent. In a survey of the strengths of organic acids the author (Chem. 
Reviews, loc. cit.) has stressed the fact that the relative strength is not likely to be 
reproduced with acids in which a specific interaction occurs between the substituent and 
the carboxyl group. Hammett (0p. cit., p. 207) advances the view that the chemical 
nature of the solvent may influence the extent of the abnormality. Included among 
these exceptional systems are the o-substituted benzoic acids (“ ortho-effect ’’). It should 
be added tliat in any series of halogeno-aromatic acids a change in the sequence of 
strengths among the four acids might be brought about by a disturbance of the opposing 
electrical effects (— J + M) attending a change of solvent, although it is anticipated 
that the halogeno-acids will occupy the same position when taken as a series. 

In the light of these qualifications it is interesting to examine the strengths of 0-, m-, 
and p-substituted benzoic acids in methyl, ethyl, and -butyl alcohols and-ethylene glycol 


(in the presence of lithium chloride) recorded recently by Elliott and Kilpatrick 
(J. Physical Chem., 1941, 45, 454, 466, 472), using an e.m.f. method. These workers 
conclude that their data do not support the claim that organic acids, with certain 
exceptions, exhibit the same relative strengths in all solvents. In Table I is an analysis 
of the sequence of strengths (at 25°) obtained by them. 


TABLE I. 
Solvent. 
para-Substitution. 
NO, > Br>Cl> 
Methyl alcohol 
Ethyl alcohol 
n-Butyl alcohol 
Ethylene glycol 


meta-Substitution. 
NO, > Br > Cl 
NO, > Br > Cl 


n-Butyl alcohol NO, > 
Ethylene glycol NO, > Br>Cl 


ortho-Substitution. 


Ethyl alcohol 
n-Butyl alcohol 
Ethylene glycol 


* Results for aqueous solution at 25° are due to Dippy et 
t+ p-lodobenzoic acid has not been examined in water. 
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TABLE II. 
Substituent group. Solvent. Sequence of strengths. 
. NO, Water, n-butyl alcohol, and ethylene glycol o- > p~- >m->H 
Methyl alcohol o- >m->f->H 
Ethyl alcohol o- > p- ~m- > H 
Halogens Water and all four alcohols o- >m-> ~->H 
Me Water and all four alcohols o- >H>m- > ?- 
OMe Water and all four alcohols o- >H>?- 
OH Water o- >m- >H >}?- 
Alcohols o- >H>m- >>p- 


First, from Table I it will be seen that the results for p-substituted acids are in 
complete agreement in all five solvents. Among o-substituted acids agreement is reached 
(except with salicylic and o-toluic acids), viz., NO, > Halogens > OMe >H. The 
enhancement of strength shown by salicylic and o-toluic acids in water has already been 
attributed to a specific interaction involving hydrogen-bond formation (Branch and 
Yabroff, J]. Amer. Chem. Soc., 1934, 56, 2568; Dippy, Evans, Gordon, Lewis, and Watson, 
J., 1937, 1421), and it is quite reasonable to assume that this enhancement will not be 
proportionate in all solvents. As far as o-nitro- and o-halogeno-benzoic acids are con- 
cerned, evidence has been forthcoming to show that their strengths can be interpreted 
on the basis of classical electrostatic theory (Jenkins, J., 1939, 640). The hydroxy-acid 
is the only anomaly in the m-series, where the sequence NO, > Halogens > H > Me is 
followed throughout. 

As already implied, a particular “ partial inversion ”’ of the strengths of halogeno- 
aromatic acids may not always be reproduced; even so, the only distinct case where the 
sequence in water has not been fulfilled elsewhere is to be found in the o-series. Moreover, 
such small differences in relative acid strengths in the alcohols are not indisputable, as 
indicated by the divergences in the results obtained with e.m.f. and colorimetric measure- 
ments, especially for ethyl-alcoholic solutions; actually, the two methods do not always 
place halogeno-acids in the same sequences. 

In the light of this analysis, therefore, it can be concluded with some degree of 
confidence that the differences (exhibited by comparatively few instances) between the 
results obtained by Elliott and Kilpatrick and those recorded for aqueous solution can be 
attributed to the incursion of special factors. A still more striking demonstration of the 
harmony which obtains is given by the form of analysis adopted in Table II. 

Further evidence in support of the foregoing contentions has been derived by the author 
in collaboration with Mr. I. Davey. Six monocarboxylic acids, examined in 25% aqueous 
acetone and 20% aqueous sucrose at 25° by the conductivity method, have been shown 
to possess dissociation constants falling in the order: diphenylacetic > benzoic > phenyl- 
acetic > cinnamic > $-phenylpropionic > propionic, which is that obtaining in aqueous 
solution. 

It was also found that, although the dielectric constant (25°) of aqueous sucrose (73-6; 
Akerléf, J. Amer. Chem. Soc., 1932, 54, 4125) is less than that for water (78-5, idem, ibid.), 
the strengths of the series of acids throughout are slightly greater in the mixed solvent. 
This further supports the view that the chemical nature of the solvent, apart from the 
dielectric constant, has a bearing on the dissociation equilibrium. Details of this 
investigation will appear when conditions permit of its completion. 
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98. Sapogenins. Part XI. Further Evidence on the Constitution 
of Quillaic and Oleanolic Acids. 


By Puitip BILHAM and GeorcE A. R. Kon. 


, _ From an examination of further derivatives of deoxyquillaic and echinocystic 
acids it is now concluded that these acids are identical. 


Surface-film measurements on the oxime of the ketone (III) and on the «-form of the 
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alcohol obtained by the catalytic reduction of the ketone are in agreement with previous 
measurements, which had led to the conclusion that one hydroxyl group of quillaic acid, 
OH®, is situated on C,, and thus supported the formulation of the acid (I) in which 
the carboxyl was placed on C,,. Measurements on unimolecular films of hedraganic 
and the two oleananic acids and of their esters give values which are not compatible 
with an attachment of the carboxyl to C,,; the small areas found suggest that this 
group is attached to one of the end rings, probably to Cgp. 

The relationship of the oleananic acids with the oleanenes is discussed, and 
the possibility of a new formulation (VII) for sapogenins of the $-amyrin group is 
considered. 


THE experiments described in Parts VI, VII, and X of this series (J., 1939, 1130; 1940, 
612, 1469) have led to the inference that quillaic acid has a carbon skeleton identical with 
that of other sapogenins of the 6-amyrin group and differs from gypsogenin in having an 
additional hydroxyl group, OH, which has been placed on C,,. On the basis of Haworth’s 
triterpene formula, quillaic acid has the structure (I, R = CHO). 

The experimental justification of this formula appeared to be satisfactory, but as it 
raises several points of importance for the general chemistry of the triterpenes, notably 
the position of the carboxyl group, which is in turn dependent of the position assigned to 
OH™, and the mode of fusion of rings D and E, it required confirmation. The new facts 
now reported cannot be reconciled with formula (I) and the possibility of an alternative 
formulation for all triterpenes of the B-amyrin group must be considered. 

In the first place, the conclusion now seems inevitable that deoxyquillaic acid, produced 
by replacing the aldehyde group of quillaic acid by methyl, is identical with echinocystic 
acid (Bergsteinsson and Noller, J. Amer. Chem. Soc., 1934, 56, 1403), both being pro- 
visionally represented by (I, R = Me). Professor Noller has kindly carried out a comparison 





of the acids themselves, also of the monoketo-ester (II) and the é¢vans-morioketone (IIT) 
prepared by us from deoxyquillaic acid, with the appropriate derivatives of echinocystic 
acid; the melting points were in all cases identical or nearly so, and no depressions were 
observed on mixing. 

We have also prepared the oxime of the ketone (III) and the isodione (as III with an 
additional carbonyl group at C,), the properties of which agree with the descriptions given 
by Noller and White (ibid., 1939, 61, 983); and we have converted deoxyquillaic acid and 
echinocystic acid * into the same isodiacetyl-lactone, m. p. and mixed m. p. 274—275°. 
An isomeric diacetyl-lactone was produced by reducing the diacetyl-lactone of quillaic acid 
or its semicarbazone by the Kishner—Wolff method and acetylating the lactone formed. 

The position assigned to OH® of quillaic acid rests on the behaviour of unimolecular 
films of the secondary alcohol obtained by reduction of the ketone (III) with sodium and 
alcohol and provisionally termed the 8-form. The epimeric «-alcohol has now been prepared 
from the ketone by catalytic reduction in acetic acid solution ; it is less soluble and higher- 
melting than the 8. The nomenclature adopted for these alcohols (« = epi, 8 = normal) 
is intended to convey the analogy with steroid alcohols, such as the 4-cholestanols. Like 
our compounds, these are a-decalol derivatives and have been prepared by the same 
methods, the compound produced by the catalytic reduction of the ketone in acetic acid 


* We are indebted to Prof. Noller for the specimen of echinocystic acid used in this preparation. 
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solution being termed efi-4-cholestanol * (Tschesche and Hagedorn, Ber., 1935, 68, 224). 
Quite recently, however, Marker, Jones, and Turner (J. Amer. Chem. Soc., 1940, 62, 2537) 
have stated that the reduction of 6-keto-steroids with sodium and alcohol gives rise to the 
«-form of the alcohol. For instance, cholestane-3 : 6-dione yields the diol of m. p. 216° 
under these conditions (Windaus, Ber., 1917, 50, 133), whereas catalytic reduction of the 
dione in neutral solution leads to an isomeric diol, m. p. 190°, in which both groups should 
have the normal (8) configuration on the basis of the Auwers-Skita rule; the two diols only 
differ in the configuration of the hydroxyl group on C,. The argument is supported by the 
correlation of the lower-melting diol with allo-hyodeoxycholic acid, in which both hydroxyl 
groups are stated to have the @-configuration.. We are unable to discover the grounds 
for the last statement; indeed, since the acid was originally prepared by Windaus 
(Annalen, 1926, 447, 233) by catalytic reduction of the diketo-acid in acetic acid solution, 
it would be expected to have both hydroxyls of the epi («) configuration. 

A case for the normal configuration of the hydroxyl groups in the diol, m. p. 190°, 
can nevertheless be made out: this compound is doubtless identical with the diol, m. p. 
195° (acetate, m. p. 140—141°), previously obtained from A*-cholestene-3 : 6-diol and 
cholestane-3 : 5 : 6-triol by Petrov, Rosenheim, and Starling (J., 1938, 677), whilst Ellis 
and Petrov (J., 1939, 1078) have adduced evidence that in the latter compound the 
hydroxyl groups at C, and C, are cis to one another; 1.¢e., both have the normal con- 
figuration. The configurations provisionally assigned to our alcohols may therefore have 
to be reversed. It is hoped to institute a more detailed comparison of these alcohols with 
steroids of appropriate structure. 

Unimolecular films of the new alcohol are liquid, like those of the f-alcohol, with a 
somewhat larger limiting area (83 sq. A.) (curve 1, Fig. 1); the difference of 9 sq. A. is such 
_ as might be expected in the two epimerides: the epi-forms of 3-hydroxysteroids exhibit 
slightly larger areas than the normal (Adam, Askew, and Danielli, Biochem. J., 1935, 29, 
1786). The value of » is higher than in the f-alcohol, 726 e.s.u. x 10-*4, and would point 
to the compound’s having the dipole more nearly vertical at the limiting area. The 
value of » is high for an alcohol and falls on compression, indicating a departure from the 
vertical of the dipole; the easy compressibility of the film shows that the molecule is much 
tilted at the limiting area. ; 

As a check on these values films of the oxime of the ketone (II[) have been examined 
(curve 6, Fig. 1). These were not particularly stable, but showed the expected limiting area 
of about 70 sq. A. with up = 544 e.s.u. x 10-4. The new results thus support our previous 
findings, which had led to’the placing of OH® on C,,; ¢ this followed because OH® is 
attached to a carbon atom adjacent to that carrying the carboxyl group (C,, in Haworth’s 
formula) and constituted experimental evidence for the position of the latter group. 

In seeking to provide independent confirmation of this important point we were led to 
examine unimolecular films of the two oleananic acids, hedraganic acid, and their esters. 


rl 
= YY, “ | 
/ + CO,Me KK JOR XK CO,R 
y, Vj, yj, 


(IV.): (V.) (VI.) 


Jacobs and Fleck (J. Biol. Chem., 1932, 96, 341) have shown that reduction of the 
semicarbazone of methyl oleanonate (IV) by the Kishner—Wolff method leads to the 


* The terms “‘ normal ” and “ epi ”’ appear to be less confusing than £ and a when applied to pairs 
of epimeric alcohols, more especially when it is borne in mind that f-cholestanol was so termed to 
distinguish it from “‘ a-cholestanol,”” which was eventually shown by Windaus and Uibrig (Ber., 1913, 
46, 2487) to be a condensation product of B-cholestanol and amy] alcohol. 

¢ Drake and Wolfe (J. Amer. Chem. Soc., 1940, 62, 3018) deduce an area of only 56—60 sq. a. for 
a hydroxyl at C,,; we are unable to explain this discrepancy. 
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dextrorotatory «-oleananic ester together with an acid termed y-oléananic, which gives 
an ester isomeric with the a-ester and is also dextrorotatory. By using the modified pro- 
cedure of Kon and Soper (J., 1940, 1339) it is found that the reduction product consists 
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entirely of the y-acid, which is formed in excellent yield; the «-ester was not encountered. 
Moreover, the rapid reduction of methyl oleanonate under the mild conditions used by 
Jacobs and Gustus (J. Biol..Chem.,-1926, 69, 641) in the preparation of methyl hedraganate 
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(VI, R = Me) gives the y-ester in a pure state and in good yield, and there is little doubt 
that this ester and the corresponding acid are the primary reduction products of methyl 
oleanonate, to which formula (V) can provisionally be assigned. In agreement with this, 
the acid is readily decarboxylated on heating, giving a good yield of oleanene-II, as expected. 

The levorotatory $-oleananic ester was obtained by Jacobs and Fleck (loc. cit.) by 
reduction of methyl oleanonate by Clemmensen’s method under drastic conditions; we 
find that the yields of this compound are variable, but always low, although the lactone 
mentioned by Jacobs and Fleck is only obtained in small amount. Less drastic conditions 
lead to mixtures, and attempts to isomerise the y-ester by prolonged treatment with 
amalgamated zinc and hydrochloric and acetic acids were unsuccessful, although a 
diminution of rotation was observed. The 6§-ester is hydrolysed under vigorous conditions 
to the acid; this is a monohydrate, and it can be shown that no isomerisation takes place 
on hydrolysis because the acid is reconverted into the original levorotatory ester by means 
of diazomethane. 

From the method of preparation of the @-ester it might have been supposed that it 
would be related to the y-ester in the same way as oleanene-III is to oleanene-II 
(Winterstein and Stein, Annalen, 1933, 502, 233; Bilham and Kon, J., 1940, 1469). How- 
ever, although the @-acid is readily decarboxylated on heating, the hydrocarbon formed is 
again oleanene-II and not oleanene-III. The two acids presumably differ in the position 
of the double bond and this moves in the decarboxylation of one of them. 

Hedraganic acid was obtained as described by Jacobs and Fleck (loc. cit.). It had been 
hoped to decafboxylate it to the lower homologue of oleanene-II and to isomerise this to 
norhederabetulene-III, which has been obtained by the isomerisation of norhederabetulene 
(Kon and Soper, loc. cit.); the acid proved to be remarkably stable and a sufficient amount 
of hydrocarbon has not yet been obtained. 

8-Oleananic acid forms a solid stable film (curve 2, Fig. 2), but this exhibits some 
spontaneous contraction, as noted by Askew in other triterpene films (J., 1936, 1585). 
The limiting area is only 52 sq. A., and the high value of p» (282 e.s.u. x 10-*) indicates 
that the polar group must be in line with the molecule; there is very little variation in the 
value of » with compression, indicating that very little tilting or re-orientation of the 
molecule takes place, and this is confirmed by the comparative incompressibility of the film. 
The methyl ester (curve 3, Fig. 2) shows a slightly larger area (55 sq. A.) than the acid, 
as might be expected; the film is solid, moderately stable, and has a similar compressibility 
to that of the acid. The rapid rise of p on compression is probably due to a re-orientation 
of the ester group, and the steady descent from a maximum of 656 e.s.u. x 10-*4 can be 
attributed to a tilting of the whole molecule. 

y-Oleananic acid (curve 4, Fig. 2) occupies an even smaller area than the @-acid (45 
sq. A.); the film is solid and stable but also exhibits spontaneous contraction. The value 
of » (126 e.s.u. x 10-4) suggests a position of the dipole less in line with the molecule, 
and this is confirmed by the steady fall of u on compression, 7.e., on bringing the molecule 
more upright; the compressibility is somewhat greater than that of the B-acid, and the 
molecule may be more tilted. The area occupied by the y-ester (curve 5, Fig. 2) is much 
greater than that of the acid (59 sq. A.). This may be due to the carbomethoxyl group’s 
protruding at an angle or to the molecule’s being tilted in order that the polar group 
can maintain contact with the water surface. The latter explanation receives support 
from the considerable compressibility of the film; the value of u is much less than that for 
the f-ester, viz., 382 e.s.u. x 10-4, and shows an even greater diminution on compression 
than is observed in the acid. 

- It was to be expected that hedraganic acid would behave in every way like y-oleananic 
acid, from which it differs solely by the replacement of a methyl group on C, by hydrogen, 
that is, in a position remote from the polar group. The limiting area observed, 47-5 sq. A., 
is indeed of the expected order of magnitude, but the behaviour of the films on compression 
is unusual (curve 7, Fig. 1), and a discussion of it is reserved for a future communication. 
The ester forms a poor film which collapses easily; the area appears to be about 61 sq. A. 

Now the smallest area calculated from models for an acid with a carboxyl group attached 
to C,, as in formule (I), (V), and (VI) is 79 sq. A., and this is clearly incompatible with the 
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small areas observed by.us; these can only be explained by assuming that the carboxyl 
group is attached to one of the terminal rings. 
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Areas of the same order of magnitude as those now found have already been observed 
by Noller (J. Amer. Chem. Soc., 1938, 60, 1938) for echinocystic acid, its diacetate, and its 
methyl ester. However, in these compounds, as in those previously examined by Askew 

PP 
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(loc. cit.), there are hydroxyl groups in addition to the carboxyl, and it is impossible to 
be certain which of the polar groups is responsible for the areas observed; when taken in 
- conjunction with the values for the oleananic acids, they afford confirmation of them. 

Having regard to the results of dehydrogenation and the sterically hindered nature of the 
carboxyl in the acids related to 8-amyrin, the only likely position for this group appears to 
be one on Cyo, leading to the formula (VII) for quillaic and 
echinocystic acid.* This is not at variance with most of the 
chemical evidence except that the ready lactonisation of the 
triterpene acids is not so easily explained. Consideration of 
models shows, however, that lactonisation should be possible 
with certain configurations of rings D and E (boat form) pro- 
vided the mode of union of these rings be cis. Such a union 
has already been postulated to account for the formation of 
two stereoisomeric forms of the ketone (III) (Bilham and 
(VII.) CO,H” “Me Kon, loc. cit.); it may be noted that the new formulation 
provides a natural explanation of the conversion of the cis- 

and the érans-form of oleanene-II into oleanene-III : 


xO 2 OS Ye 
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cis-Oleanene-II. Oleanene-ITI. trans-Oleanene-II. 
The carbon atom carrying the hydroxyl group OH of quillaic and echinocystic acid is 
situated next to that carrying the carboxyl, and it must also be next to the junction of rings 
Dand E for the reasons already stated. The only position which satisfies these requirements 


is C,,. Such a position is in excellent agreement with the unreactive nature of OH and 
the inability of the monoketones derived from quillaic and echinocystic acid to form stable 
films. Measurements carried out on models show that the area to be expected for the 
epimeric alcohols (norechinocystenols) greatly depends on the steric configuration of the 
rings constituting the molecule; with some arrangements the calculated areas agree very 
well with these observed. Thus, if rings A, B, and C have the “ arm-chair”’ form and 
D and E the “ boat ” form with a trans-fusion between them, so that carbon atoms 15, 
17, and 20 are uppermost and the methyl group on C,, is pointing upwards, the normal 
epimeride (OH cis with respect to the methyl on C,,) will require an area of 80 sq. A. and 
the ef1-compound one of 84 sq. A., a vertical position of the bonds by which the polar 
group is attached being assumed. 

Further discussion of the formula (VII) cannot be profitably pursued until some of the 
more obvious implications of it have been experimentally tested, and it’is hoped to do this 
in the near future. 

EXPERIMENTAL. 

(Unless otherwise stated, m. p.’s are uncorrected; specimens for analysis were dried for 
2 hours at 100°/1—2 mm.). 

Measurements of Surface Films.—The technique of the measurements of surface area, force, 
and potential was similar to that of Adam and others (see Adam, “‘ The Physics and Chemistry 
of Surfaces,’’ Clarendon Press, 1938), with minor modifications suited to the apparatus available. 
The surface area could be measured with an accuracy of + 0-1 sq. a. per molecule, the force 
with an accuracy of + 0-1 dyne/cm., and the potential with an accuracy of + 2 mv.; a valve 
electrometer made by the Cambridge Instrument Co. was used for the last measurements. 
The force—area curves were measured for various amounts of deposited material, and the surface 
potentials were checked by moving the air electrode up and down the surface of the film to see 
if this was homogeneous. The values of y. were calculated from the smooth curve of the surface 


* See Bilham and Kon, Nature, 1941, 147, 745. 
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potential. In those cases where spontaneous contraction (Askew, loc. cit.) was noted, the curves 
show the values obtained after contraction has ceased. The results on hedraganic acid were 
checked by expansion of the compressed film and re-compression, no significant hysteresis being 
found. The models used were of the type described by Adam, Askew, and Danielli (Biochem. J., 
1935, 29, 1786; Adam, op. cit.). 

The following comparisons have been carried out by Prof. C. R. Noller of Stanford 
University, Berkeley, Cal., using a Hershberg m. p. apparatus (electrically heated Thiele tube 
with mechanical stirrer); the m. p.’s are corrected : 


Samples were placed in the bath at 200°: 


Monoketone (IIT) shrinks 221°; melts 222—226° 
Norechinocystenone 217 219—223 
50/50 Mixture wo mee 219—223 
Monoketo-ester from deoxyquillaic acid 204 205—208 
_ from echinocystic acid 208 209—211 
50/50 Mixture 204 207—209 
Samples were placed in the bath at 280°: 


Deoxyquillaic acid darkens 294°; shrinks 295°; melts 300—305° 
Echinocystic acid ” ” 
50/50 Mixture ” ” 


isoDiacetyl-lactone of Echinocystic Acid. —200 Mg. of echinocystic acid were left for 3 days in 
contact with 2 c.c. of 50% hydrobromic acid in acetic acid and 0-2 c.c. of acetic anhydride. 
The dark red solution was diluted with water and extracted with ether, the extract being washed 
with sodium carbonate, dried, and evaporated. The lactone solidified on rubbing with methyl 
alcohol and crystallised from this solvent-in silky needles, m. p. 275°, but the yield of pure 
compound was poor. The same compound, m. p. and mixed m. p. 274°, was also prepared from 
deoxyquillaic acid; as it was somewhat more coloured, the crude material was dissolved in 
benzene—petroleum (b. p. 60—80°), and the solution percolated through a short column of 
activated alumina, nearly the whole of the lactone being adsorbed. The pure compound was 
eluted from the column with benzene and solidified at once in contact with methyl alcohol, 
from which it was recrystallised (Found : C, 73-6; H,9-2. C3,H,,O, requires C, 73-4; H, 9-4%). 
Reduction of the Diacetyl-lactone of Quillaic Acid.—500 Mg. of diacetyl-lactone (Elliott and 
Kon, J., 1939, 1130), 1-5 c.c. of 95% hydrazine hydrate, and 13 c.c. of 5% sodium ethoxide 
solution were heated in a sealed tube at 200° for 12 hours. The yellow, neutral gum recovered 
crystallised from methyl alcohol, yielding 350 mg. of the lactone of deoxyquillaic (echinocystic) 
acid, m. p. 272° (Found: C, 76-0; H, 10-4. Cg 9H,,O, requires C, 76-2; H, 10-2%). The same 
compound was also produced by the reduction of the semicarbazone of the diacetyl-lactone, 
which formed silky needles from methyl alcohol, m. p. 256—258° (Found: N, 6-6. C,,H;,0,N, 
requires N, 6-7%). The lactone was converted by means of acetic anhydride and pyridine in 
the cold into the diacetyl compound, which crystallised from chloroform—methyl alcohol in 
prisms, m. p. 282—283°, depressed by admixture of the isodiacetyl-lactone described above 
(Found: C, 73-3; H, 9-3. C,,H,,0, requires C, 73-4; H, 9-4%). 
isoNorechinocystenedione.—This compound was prepared by the oxidation of deoxyquillaic 
acid as described by Noller and White (loc. cit.); it crystallised from methyl alcohol in flattened 
needles, m. p. 220—223° (or about 230° corr.), [a]p + 76-8°, +- 77-3° (c = 1-705, 2-080 in dioxan). 
a-Form of Norechinocystenol.—200 Mg. of the pure trans-ketone in 50 c.c. of “ AnalaR”’ 
acetic acid and 100 mg. of Adams’s catalyst were shaken in an atmosphere of hydrogen for 
4hours. The alcohol crystallised from acetone in thick rods, m. p. 210—211°, [a], — 26-5° 
(c = 1-65 in chloroform); needles were obtained from methyl alcohol (Found: C, 84-5, 84-5; 
H, 12-0, 12-2. C,ygH,,O requires C, 84-5; H, 11:7%). The acetate formed aggregates of silky 


_ needles, m. p. 170—171°. . The 8-form of the alcohol (Bilham and Kon, loc. cit.) can be crystallised 


from methyl alcohol, although it is apt to separate in a gelatinous form; when pure, it forms 
fine, felted needles from this solvent, [a], — 23° (c = 1-250 in chloroform). 

trans-Norhederabetulene.—The hydrocarbon repeatedly crystallised from acetone melts 
somewhat higher than found by Kon and Soper (loc. cit.), viz., at 157°. 

Norhederabetulene-I 1I.—The above hydrocarbon (100 mg.) was boiled for 44 hours with 6 g. 
of amalgamated zinc, 20 c.c. of acetic acid, and 5 c.c. of hydrochloric acid. The new hydrocarbon 
crystallised from acetone in stout prisms, m. p. 166—167°, [a], + 31-4° (c < 2-165 in chloroform) 
(Found: C, 88-1; H, 12-1. C,H. requires C, 87-9; H, 12-1%). 

y-Oleananic Acid and Ester.—Methy] oleanonate (Jacobs and Fleck, loc. cit.) (2 g.) was heated _ 
in a sealed tube for 15 hours with 4-5 c.c. of 95% hydrazine hydrate and 32 c.c. of 5% sodium 
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ethoxide solution. The contents of the tube were diluted with water and ether. The ethereal 
solution (extract A) was separated, and the sludgy aqueous layer acidified and extracted with 
ether; the extract contained a small amount of y-oleananic acid, six-sided plates, m. p. 270—271° 
after crystallisation from acetone or ethyl acetate. Extract A contained the greater part of 
the reaction product and this also was high-melting; in spite of its apparent insolubility in 
alkali it was found to be y-oleananic acid, m. p. and mixed m. p. 271—272° after crystallisation 
from ethyl acetate (Found: C, 81-8; H, 10-9. Calc.: C, 81-8; H, 11-0%); it effervesced with 
an ethereal solution of diazomethane, forming y-oleananic ester, m. p. and mixed m. p. 169—170°, 
[a]p + 73-4° (c = 1°865 in pyridine). The ester was also produced when methyl oleanonate 
(750 mg.) was boiled for 4 hour with 12-5 g. of amalgamated zinc, 32-5 c.c. of acetic acid, and 
7-5 c.c. of hydrochloric acid; after two crystallisations the ester had m. p. and mixed m. p. 
168—169°, [a], + 74° (c = 1-390 in pyridine). When 600 mg. of the ester were boiled for 10 
hours with 12-5 g. of amalgamated zinc, 50 c.c. of acetic acid, and 21 c.c. of hydrochloric acid, 
it was recovered practically unchanged; after two crystallisations from methyl alcohol it 
formed needles, m. p. 165°, [a], + 66-5° (in pyridine), and no $-oleananic ester could be isolated 
from the mother-liquors. - 

200 Mg. of the ester were heated in a sealed tube with 20 c.c. of 20% potassium hydroxide 
in 85% alcohol in an oil-bath kept at 160—165° for 4} hours, and the product isolated by adding 
water and ether; although the hydrolysis was apparently complete, nearly the whole of the 
product was found to be in the ether-soluble neutral fraction (compare above) and consisted 
of y-oleananic acid. 

Oleanene-I I —y-Oleananic acid was gently heated over a free flame until completely melted, 
the product dissolved in petroleum (b. p. 40—60°), and the solution freed from traces of acid 
by shaking with alkali and decolorised by percolating through a short column of alumina; the 
colourless hydrocarbon had m. p. and mixed m. p. 189—190° after one crystallisation from 
acetone. ; 

B-Oleananic Acid and Ester.—1 G. of methyl oleanonate was boiled with 250 c.c. of acetic 
acid, 25 c.c. of hydrochloric acid, and 25 g. of amalgamated zinc for 2 hours, 25 c.c. of hydrochloric 
acid being added at 15-min. intervals (Jacobs and Fleck, loc. cit.). The reaction product was 
poured into water and thoroughly extracted with ether, and the extract freed from acetic 
acid by means of sodium carbonate solution, dried, and evaporated. The product was dissolved 
in methyl alcohol and deposited a small amount of crystalline nodules (generally 200 mg.) ; 
these gave on repeated crystallisation silvery plates of f-oleananic ester, m. p. 170—172°, 
depressed by the y-ester, [%]) — 85-9° (c = 1-105 in pyridine) (Found: C, 82-0; H, 11-1. 
Calc.: C, 82-0; H, 11-2%). Equally good results were obtained by reducing the amount of 
acetic and hydrochloric acid in the above preparation to two-fifths, and ethyl alcohol appeared 
to be preferable to methyl alcohol for the crystallisation of the ester; the yields were generally 
about 10% but sometimes much less. The alcoholic mother-liquors contained the bulk of the 
material, but this generally separated as a transparent, colourless oil. When the excess of acetic 
acid was distilled off before the reduction product was worked up, the only solid material isolated 
was the lactone described by Jacobs and Fleck. 

B-Oleananic Acid.—The above ester was hydrolysed and the product worked up exactly as 
described for the y-ester. Although the hydrolysis was complete, the major part of the acid 
was found in the “ neutral” portion of the reaction product. It crystallised from methyl 
alcohol in prisms, m. p. 234°, containing water of crystallisation (Found: C, 78-8; H, 11-0. 
C39H,,0,,H,O requires C, 78-5; H,11-0%); it re-forms the original anhydrous ester on treatment 
with diazomethane; m. p. and mixed m. p. 169—170°, after one crystallisaticn from alcohol. 

Oleanene-II.—The above acid was heated above its m. p. and the hydrocarbon purified as 
described above. After one crystallisation from acetone it had m. p. and mixed m. p. 
190—191°, [a], + 61-7° (c = 1-845 in chloroform), in excellent agreement with the constants 
given by Winterstein and Stein (loc. cit.). 

Methyl Hedvaganate.—Gypsogenin methyl ester (the gypsogenin was prepared from 
Saponaria Officinalis; Kon and Soper, J., 1940, 617) was heated for 20 mins. with 5 times 
its weight of copper-bronze in a sausage flask at a bath temperature of 325°, and the flask was then 
evacuated with a mercury-vapour pump. A yellow oil distilled, and solidified on rubbing 
with acetone, giving a 50% yield of hedragonic ester. This was reduced exactly as described 
above (cf. Jacobs and Gustus, Joc. cit.), giving a good yield of methyl hedraganate, which 
crystallised from acetone in stout prisms, m. p. 182—183°, [a]p + 82-7° (c = 2-20 in pyridine). 

Hedraganic Acid.—The above ester was hydrolysed as described above ; here again the 
acid was found mainly in the “ neutral ”’ portion of the reaction product. It was also prepared 
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in good yield by the reduction of methyl hedragonate with hydrazine hydrate and sodium 
ethoxide as described on p. 559 (cf. Jacobs and Fleck, loc. cit.). The acid, crystallised twice 
from methyl alcohol, had m. p. 240—242° (Found: C, 81-8; H, 11-0. Calc.: C, 81-6; H, 
109%). It effervesced with an ethereal solution of diazomethane, re-forming the ester, m. p. 
182—183°. The acid was heated above its m. p., and the products were worked up as described 
on p. 560; only a very small amount of hydrocarbon, crystallising from acetone in leaflets 
melting at about 125°, was obtained, most of the acid being recovered as such, and we have not 
yet succeeded in preparing enough of the hydrocarbon to convert it into norhederabetulene-III. 


The authors’ thanks are due to Mr. H. R. Soper for carrying out some of the preparations 
described. 


LABORATORIES OF J. Lyons & Co., Ltp., 149, HAMMERSMITH Roap, W. 14. 
IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, April 28th, 1941.] 





99. Some Hydrated Nitrates of Rare-earth Elements. 


By JoserH K. MArsH. 


Hexahydrates are yielded by crystallisation of the nitrates of the rare-earth 
elements from lanthanum to dysprosium in serial order. From erbium to lutecium 
pentahydrates are formed. Yttrium and dysprosium also give pentahydrates. 
Various other lower hydrates are formed by thulium, ytterbium, and lutecium nitrates. 
Desiccation over sulphuric acid is general. 


ALTHOUGH it is well established that crystallisation from water of the nitrates of the 
cerium group of elements yields hexahydrated salts, yet more varied results have been 
recorded by different observers in the case of the earths of high atomic weight. In general, 
these salts are less hydrated than in the cerium group. The solubility falls from lanthanum 
nitrate to gadolinium nitrate and then starts to increase, but terbium nitrate is the last of 
the series for which a hexahydrate has been recorded. The next members of the series 
give pentahydrates, and thulium and ytterbium are said to give tetrahydrates. 

The author has readily prepared hexahydrates of dysprosium and yttrium, and the 
pentahydrate appears to be the uSual form for members of the series from dysprosium to 
lutecium at room temperature: all the crystals examined are obviously isomorphous 
with bismuth nitrate pentahydrate. The solubility at the lutecium end of the series is 
very high, and the salts are very hygroscopic though easily suffering dehydration over 
sulphuric acid. They are therefore difficult to prepare pure. 

Ytterbium nitrate pentahydrate when heated to about 48° reaches a transition point 
at which water is liberated and a new hydrate formed which does not dissolve in the water 
until heated nearly to 100°. When a very concentrated warm solution of ytterbium 
nitrate is allowed to cool, the hydrate 2Yb(NO,)3,7H,O crystallises and remains stable at 
room temperature, but the solvent water is absorbed as water of crystallisation and the 
final mother-liquor is a liquid ytterbium nitrate. On one occasion a crop of Yb(NO,)3,4H,O 
was obtained. This is the hydrate reported by Cleve (Z. anorg. Chem., 1902, 32, 129), 
and James (J. Amer. Chem. Soc., 1911, 38, 1332) found that thulium nitrate also gave a 
tetrahydrate, but in general a solution in the desiccator remains supersaturated until 
seeded with bismuth nitrate pentahydrate and thereupon it deposits the pentahydrate. 

Yttrium nitrate pentahydrate was prepared by similarly seeding a concentrated solu- 
tion. The mother-liquor from this crop was seeded with dysprosium nitrate hexahydrate, 
and a crop of yttrium nitrate hexahydrate grown in a desiccator. The pentahydrate 
crystallised unchanged from concentrated nitric acid. Lowenstein (Z. anorg. Chem., 1909, 
63, 69) had prepared a pentahydrate by desiccating the hexahydrate over 60—70% sul- 
phuric acid, but no direct preparation from solution has been recorded. He found that 
the hexahydrate passes into the pentahydrate at a vapour pressure less than that of 50% 
sulphuric acid. 
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EXPERIMENTAL. 


As no acid nitrates are formed, the salts could be analysed with certainty by ignition to 
oxides. This was carried out in a small gas crucible furnace after preliminary baking at 130°, 
which removed most of the water. 

Dysprosium Nitrate.—Hexahydrate. The oxide (containing 0-4% of holmium oxide) was 
dissolved in nitric acid, the solution evaporated to dryness, and the salt recrystallised from 
water over sulphuric acid; it formed large, prismatic, deliquescent crystals. A single clear 
crystal was analysed (Found : Dy,O;, 40-6. Calc. : Dy,O;, 40-8%). 

Pentahydrate. The hexahydrate was warmed with nitric acid (d 1-3), and the solution 
cooled, the pentahydrate crystallising (Found: Dy,O,;, 42-5. Calc.: Dy,O;, 42-5%). This 
hydrate was described by Urbain and Jantsch (Compt. rend., 1908, 146, 127) and is the 
more probable product of crystallisation from warm or acid solution. The penta- and hexa- 
hydrates were readily desiccated over sulphuric acid to a nearly white powder. The penta- 
hydrate forms mixed crystals with that of bismuth nitrate. 

Yitrium Nitrate-—Hexahydrate. The mother-liquor from a crop of pentahydrate was 
placed in a desiccator over sulphuric acid and seeded with dysprosium nitrate hexahydrate; 
the yttrium salt formed large, clear, deliquescent prisms (Found: Y,O;, 29-7. Calc., after 
correction for 2% of erbium nitrate: Y,O;, 29-7%). 

Pentahydrate. A neutral nitrate solution was evaporated to a syrup and seeded with 
bismuth nitrate pentahydrate (Found: Y,O,;, 31-0. Calc., after correction: Y,O;, 31-2%). 
After recrystallisation from nitric acid (d 1-42), the Y,O, content was 30-8%. 

Yiterbium Nitrate-—Pentahydrate. An aqueous solution was evaporated to a syrup over 
sulphuric acid. Either by seeding with bismuth nitrate pentahydrate or spontaneously, large, 
glass-clear, very deliquescent crystals were formed. They are readily dehydrated over sul- 
phuric acid and are therefore difficult to prepare dry but fully hydrated. The m. p. is indefinite, 
the salt giving rise to a lower hydrate and water at ca. 48° (Found: Yb,O;, 43-85. Calc. : 
Yb,O 5, 43-87%). 

Tetrahydrate. On one occasion spontaneous crystals from dilute nitric acid gave this 
hydrate (Found: Yb,O,, 45-5. Calc.: Yb,O;, 45-71%). The crystals were clear prisms, but 
on removal from solution they quickly went dull and readily suffered dehydration over 
sulphuric acid. 

3-5-Hydrate. A warm concentrated solution of the nitrate was crystallised. Crystals 
were inclined to be small and difficult to separate from viscous mother-liquor, but with care a 
crop of large crystals was obtained. Selected crystals were rapidly wiped free from mother- 
liquor, which was supercooled and tended to solidify suddenly (Found: Yb,O,, 46-68, 46-70. 
Calc.: Yb,0O;, 46-69%). Incomplete removal of mother-liquor led to lower water content, 
indicating that this was a supercooled salt. 

Trihydrate. Although Cleve reported this apne, the author has not been able to obtain 
it as a pure crystalline product. 

Lutecium Nitrate.—Pentahydrate. By seeding a nitrate solution in a desiccator with bismuth 
nitrate this was obtained as exceedingly soluble, deliquescent crystals, two of which were used 
for analysis (Found : Lu,O,, 44:15. Calc. : Lu,O;, 44-13%). 

4-5-Hydrate. This was obtained similarly to the pentahydrate, which it resembles in 
appearance, but by seeding with strontium nitrate tetrahydrate (Found: Lu,O,, 45-05, 45-07. 
Calc. : Lu,O3, 45-03%). 

Owing to the scarcity of material, the very great solubility and deliquescence of the salts, 
and the viscosity of the solutions, the nitrates of lutecium are not easy to handle. 


INORGANIC CHEMISTRY DEPARTMENT, [Received, May 23rd, 1941.] 
UNIVERSITY MusEUMS, OXFORD. 





100. The Relative Directive Powers of the Carboxyl and the 
Quaternary Ammonium Group. 


‘By AumaD Zaki and WapiE Tapros. 


The action of nitric acid upon p-aldehydophenyltrimethylammonium chloride 
resulted in oxidation of the aldehyde group. On nitration of p-carboxyphenyliri- 
methylammonium chloride the nitro-group entered the o-position relative to the 
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carboxyl group, since the product gave 2-nitro-4-dimethylaminobenzoic acid on decom- 
position with alcoholic sodium ethoxide. 


WitTH the object of comparing the relative directive powers of the aldehydo- and the 
quaternary ammonium group in one and the same nucleus the nitration of p-aldehydo- 
phenyltrimethylammonium chloride was attempted. Mixtures of concentrated nitric and 
sulphuric acids had no action in the cold, and at a higher temperature the aldehydo- 
group suffered oxidation and p-carboxyphenylirimethylammonium chloride was formed 
(potassium permanganate produced the same result). This salt on decomposition with 
alcoholic sodium ethoxide gave p-dimethylaminobenzoic acid. 

On nitration of p-carboxyphenyltrimethylammonium chloride the nitro-group entered 
the o-position relative to the carboxyl group. This was proved by decomposing the 
product with alcoholic sodium ethoxide, 2-nitro-4-dimethylaminobenzoic acid being obtained. 
This acid on decarboxylation in boiling hydrochloric acid afforded m-nitrodimethylaniline. 

Attempts to prepare 2-nitro-4-carboxyphenyltrimethylammonium iodide from 3-nitro- 
4-dimethylaminobenzoic acid by the addition of methyl iodide were unsuccessful; even 
heating under pressure was of no avail. Prolonged heating with methyl sulphate on the 
water-bath resulted only in esterification of the acid. 


EXPERIMENTAL. 


p-Carboxyphenylirimethylammonium Salis.—Picrate. A solution of p-aldehydophenyltri- 
methylammonium chloride (this vol., p. 350) (1 g.) in a mixture of concentrated nitric acid 
(7 c.c.) and concentrated sulphuric acid (17 c.c.) was heated on a water-bath for 3 hours, 
poured into ice-water, neutralised with sodium bicarbonate, and kept in ice for several hours. 
The inorganic salts were removed and aqueous picric acid was added to the filtrate; a picrate, 
m. p. 206—207°, was precipitated. The same picrate was obtained from the product of 
refluxing (on a water-bath for 8 hours or on a sand-bath for 3 hours) a solution of p-aldehy- 
dophenyltrimethylammonium chloride (1 g.) in fuming nitric acid (25 c.c.). It separated from 
water, in which it was fairly readily soluble, in yellow crystals, m. p. 207° (Found: C, 47-3; 
H, 4:0; N, 13-8. C,,H,,O,N, requires C, 47-0; H, 4:0; N, 13-7%). 

Chloride. The picrate was warmed with concentrated hydrochloric acid and the cooled 
solution was filtered from picric acid, extracted with ether or benzene to remove the last 
trace, and evaporated on a water-bath. The residual chloride separated from alcohol in 
colourless crystals, m. p. 240—241°, soluble in water, sparingly soluble in absolute alcohol, 
and insoluble in acetone, benzene, and ether (Found: C, 55-6; H, 6-5; N, 6-8; Cl, 16-2. 
Cy9H,,0,NCl requires C, 55-7; H, 6-5; N, 6-5; Cl, 16-5%). 

The iodide, obtained in colourless crystals, m. p. 238°, from concentrated solutions of the 
chloride and potassium iodide, resembled the chloride in solubility (Found : I, 41-3. C, .H,,O,NI 
requires I, 41-3%). 

* The perchlorate, precipitated on addition of 30% perchloric acid to a concentrated aqueous 
solution of the chloride, crystallised from water in colourless plates, m. p. 284° (Found: Cl, 
12:5. Cy9H,,O,NClI requires Cl, 12-7%). 

The chloride perbromide, obtained from the chloride and a slight excess of bromine in 
methyl alcohol or acetic acid at 0°, separated in orange-red needles, m. p. 200° after recrystal- 
lisation from the same solvent (Found: Cl, 9-0; Br, 41-0. C,9H,,O,NCIBr, requires Cl, 9-4; 
Br, 42-6%). : 

Decomposition of the chloride. The chloride (2 g.) and alcoholic sodium ethoxide (0-7 g. of 
sodium in 40 c.c. of absolute alcohol) were refluxed for 3 hours. After dilution and acidification 
with hydrochloric acid, the solution was washed with ether to extract any p-ethoxybenzoic 
acid, neutralised with sodium bicarbonate, and slightly acidified with acetic acid. The 
precipitate (1-5 g.) thus obtained crystallised from alcohol in colourless needles, proved by 
m. p. 234° and mixed m. p. to be p-dimethylaminobenzoic acid. 

3-Nitro-4-carboxyphenyltrimethylammonium Salts.—Picrate. A mixture of p-carboxyphenyl- 
trimethylammonium chloride (5 g.), fuming nitric acid (25 c.c.), and concentrated sulphuric 
acid (75 c.c.) was heated on a water-bath for 6 hours, poured on ice, neutralised with sodium 
bicarbonate, and cooled. The liquid was filtered from precipitated inorganic salts, slightly 
acidified with hydrochloric acid, and evaporated to dryness, and the residue exhaustively 
extracted with boiling alcohol. The alcohol was distilled off, and an aqueous solution of the 
residue mixed with aqueous picric acid. The precipitated picrate (6-8 g.) crystallised from 
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water in yellow needles, m. p. 198° (Found: C, 42-7; H, 3-4; N, 15-6. C,,.H,,0,,N, requires 
C, 42-4; H, 3-3; N, 15-56%). Yield, 65%. 

The chloride separated from absolute alcohol in colourless crystals, m. p. 230—231°, soluble 
in water (Found: C, 45-8; H, 5-2; N, 10-3; Cl, 13-2. C,9H,,0,N,Cl requires C, 46-1; H, 
5-0; N, 10-8; Cl, 13-6%). The iodide formed colourless crystals, m. p. 236°, fairly readily 
soluble in water, sparingly in alcohol (Found: I, 35-5. Cj 9H,,;0,N,I requires I, 36-1%). 
Both salts were insoluble in benzene, acetone, and ether. 

The perchlorate, recrystallised from a little water, formed colourless plates, m. p. 259°, 
which puffed strongly in a flame (Found: Cl, 10-3. “C9H,,;0,N,Cl requires Cl, 10-9%). 

The chloride perbromide separated from acetic acid in orange-red crystals, m. p. 158—159°. 
When recrystallised from methyl alcohol, it partly decomposed with liberation of bromine 
(Found : Cl, 8-4; Br, 37-7. C,.H,,0,N,CIBr, requires Cl, 8-4; Br, 38-0%). 

Decomposition of the chloride. This was carried out as in the case already described (chloride, 
3 g.; sodium, 1-2 g.; absolute alcohol, 200 c.c.). 2-Nitro-4-dimethylaminobenzoic acid, pre- 
cipitated from the final solution acidified with acetic acid, crystallised from alcohol in yellow 
needles, m. p. 242° after darkening at 225° (Found: C, 51-7; H, 5-0; N, 13-3. C,H,,0,N, 
requires C, 51-4; H, 5-1; N, 13-4%) 

Decarboxylation of 2-Nitro-4-dimethylaminobenzoic Acid.—When the acid (1 g.) was boiled 
with 12% hydrochloric acid (25 c.c.), carbon dioxide was liberated. The solution was made 
alkaline with sodium hydroxide; the precipitate obtained crystallised from alcohol in reddish 
needles, m. p. and mixed m.,p. with authentic Erg OO 60—61° (Found: C, 
57-8; H, 5:8; N, 16-4. Calc. for CgH,,0,N,: C, 57-8; H, 6-1; N, 16-9%). 


Fovap I UNIversity, Catro, EGypt. , [Received, June 11th, 1941.] 





101. Palmitoyl- and Stearoyl-glycylglycine and -diglycylglycine. 
By A. KOEBNER. 


The synthesis of polypeptides bearing long aliphatic chains has been undertaken in 
order that the surface films of the corresponding amides might be investigated. The 
stearoyl and palmitoyl derivatives of glycine, glycylglycine and diglycylglycine have 
been prepared. 


LONG-CHAIN acylamino-acids containing one nitrogen atom have been prepared by Abder- 
halden and Funk (Z. physiol. Chem., 1910, 65, 62), Bondi (Biochem. Z., 1909, 17, 543, 553), 
and Izar (Biochem. Z., 1912, 40, 403). Bondi suggested the term “ lipopeptide ’’ for this 
class of compound, but this was unacceptable to Abderhalden because such substances do 
not contain free amino-groups. 

The required derivatives were obtained by the action of the appropriate acid chlorides 
on an alkaline aqueous solution of glycine or the. polyglycine. 

The esters of these acids were prepared in two ways. Palmitoyl- and stearoyl-glycine 
may be esterified by boiling 4% methyl-alcoholic hydrogen chloride. _ The dipeptides are 
hydrolysed by such treatment, but survive the action of dry hydrogen chloride passed into 
a suspension of the acid in anhydrous methyl alcohol. It has not so far been possible to 
esterify the tripeptides. 


The corresponding amides were prepared by the action of ammonia on the methyl esters 
of the amino-acids. 


EXPERIMENTAL. 


Esters of Palmitoylglycine. —tThe ethyl ester has been obtained by coupling palmitoyl chloride 
with glycine ethyl ester (Abderhalden and Funk, Joc. cit.). It was also obtained by refluxing 
palmitoylglycine (4 g.) with 4% ethyl-alcoholic hydrogen chloride for 2 hours. The ester 
(3 g.), crystallised from alcohol, had m. p. 80—82° (Abderhalden and Funk give m. p. 
80—85°). 

The methyl ester, prepared in a similar way and crystallised from alcohol, had m. p. 
104—105°. 


Palmitoylglycinamide.—Palmitoylglycine methyl ester (3 g.) was dissolved in methyl- 
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alcoholic ammonia (50 g. of 5%). After 24 hours the amide began to separate as a white 
crystalline solid and the separation was complete after about 2 weeks. The solution was cooled 
in ice, and the product collected and recrystallised from alcohol. It formed large plates with 
a nacreous lustre (2 g.), m. p. 161—162° (Found: N, 8-8. (C,,H;,0,N, requires N, 9-0%). 

Stearoylglycine.—This was prepared by the methods of Abderhalden and Funk (loc. cit.), 
Bondi (loc. cit.), and Izar (loc. cit.).. The m. p. given in the literature, 145°, could not, however, 
be verified. Carefully purified stearic acid was used, and the compound was repeatedly 
crystallised from alcohol, chloroform, and benzene; it had m. p. 125—126° (Found: C, 70-2; 
H, 11-3; N, 4:2. Calc. for CygH,g,0,N : C, 70-3; H, 11-4; N, 41%). 

Stearoylglycine Methyl Ester.—The acid (5-7 g.) was refluxed with methyl-alcoholic hydrogen 
chloride (50 g. of 4%) for 3 hours. On cooling, the ester crystallised in needles. After the 
solution had been cooled in ice, the product was collected and dried over potassium hydroxide ; 
it had m. p. 75—76° (yield, 5-4 g.). 

Stearoylglycinamide.—The ester (5-2 g.) was dissolved in methyl-alcoholic ammonia (100 g. 
of 5%) and kept for 2 weeks; most of the amide produced had then separated. The mixture 
was cooled to 0°, and the product collected and recrystallised from alcohol and from acetic acid ; 
it had m. p. 157—158° (yield, 3-8 g.) (Found: N, 8-5. CggH,O,N, requires N, 8-3%). 

Palmitoylglycylglycine.—Finely powdered glycine anhydride (Fischer, Ber., 1906, 39, 2930) 
(2-5 g.) was stirred with 2n-sodium hydroxide (11 c.c.) until all had dissolved. A solution 
of palmitoyl chloride (from 5-12 g. of the acid) in ether and 2N-sodium hydroxide (20 c.c.) were 
added alternately in small portions with vigorous shaking. The product separated as a white 
emulsion which coagulated to a granular mass. The solution was acidified with dilute hydro- 
chloric acid; palmitoylglycylglycine, after being washed with water, crystallised from acetic 
acid—alcohol in fine needles (5-7 g.), m. p. 171—172° (decomp.) (Found: C, 64-7; H, 10-2; 
N, 7-6. CygH;,0,N, requires C, 649; H, 10-3; N, 7-6%). 

Palmitoylglycylglycine Methyl Estey.—A rapid current of dry hydrogen chloride was passed 
through a suspension of the above dipeptide (4 g.) in anhydrous methyl alcohol (120 c.c.). As 
the mixture became hot, the dipeptide went into solution and when this occurred the mixture 
was cooled in ice. The ester soon crystallised; it was collected, washed with a little methyl 
alcohol and with ether, dried, and recrystallised from methyl alcohol, forming large, rhombic 
plates (2-85 g.), m. p. 139° (Found: N, 7-4. C,,H,O,N, requires N, 7-3%). 

Palmitoylglycylglycinamide.—The methyl ester (0-9 g.) was heated in a sealed tube for 3 
hours with methyl alcohol (15 c.c.) saturated at 0° with ammonia. The product that separated 
was crystallised from methyl alcohol and acetic acid, being obtained in fine needles. After 
being dried at 100° in a vacuum for 2 hours, it had m. p. 199—200° (yield, 0-7 g.) (Found : 
N, 11-5. CygH3,0,N, requires N, 11-4%). 

Stearoylglycylglycine.—This was prepared in the same way as the palmitoyl analogue (glycine 
anhydride, 2-5 g., 2N-sodium hydroxide, 11 c.c.; stearoyl chloride from 5-7 g. of the acid, 
2n-sodium hydroxide, 20 c.c.; time of addition, 45 minutes). The granular precipitate (6-5 g.) 
obtained on acidification was washed with water and crystallised from aqueous alcohol and from 
alcoholic acetic acid; it then had m. p. 168°, after softening at 160° (yield, 5-8 g.) (Found: 
C, 66-0; H, 10-5; N, 7-0. C,.H,,0O,N, requires C, 66-3; H, 10-5; N, 70%). 

Stearoylglycylglycine Methyl Ester.—The dipeptide (4-8 g.) was suspended in anhydrous 
methyl alcohol (120 c.c.), and a rapid current of dry hydrogen chloride passed through the 
mixture. When complete solution occurred, the mixture was cooled and kept at room tem- 
perature; the product partly crystallised. After cooling in ice, the ester was collected, washed 
with cold methyl alcohol and ether, and recrystallised from methyl alcohol, forming plates or 
flattened needles (4 g.), m. p. 135—136° (Found: N, 6-6. C,,H,,O,N, requires N, 6-8%). 

Stearoylglycylglycinamide.—The methy] ester (2-5 g.) was heated in a sealed tube for 3 hours 
at 100° with methyl alcohol (15 c.c.) saturated at 0° with ammonia. The white solid obtained 
was collected, crystallised from acetic acid, and dried for 1 hour in a vacuum at,100°. Yield, 
almost quantitative; m. p. 196° (Found: N, 10-5. (C,,H,,0,N, requires N, 10-6%). 

Palmitoyldiglycylglycine.—Palmitoyl chloride (from 5-12 g. of the acid), dissolved in 
anhydrous ether, and 2nN-sodium hydroxide (20 c.c.) were added alternately in small portions 
with vigorous shaking to a solution of diglycylglycine (4 g.) (Fischer, loc. cit.; Abderhalden and 
Fodor, Ber., 1916, 49, 516) in 2n-sodium hydroxide (20 c.c.). After acidification, the precipitate 
was collected, washed with water, and crystallised from alcoholic acetic acid; it had m. p. 207— 
209° (decomp.) (yield, 5 g.) (Found: C, 62-0; H, 9-8; N, 9-8. C,,H,,O;N, requires C, 61-8; 
H, 9-6; N, 9-8%). 

Stearoyldiglycylglycine.—This was prepared, in the same way as the palmitoyl derivative, 
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from stearoyl chloride (5-7 g. of the acid) and diglycylglycine (4 g.). Crystallised twice from 
acetic acid and dried at 100° in a vacuum, it had m. p. 210° (yield, 6 g.) (Found: C, 63-5; 
H, 9-9; N, 9-4. C,,H,,0,N; requires Cc. 63-3; H, 9-9; N, 9-2%). 

The author thanks Professor Sir Robert Robinson for suggesting this investigation. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 17th, 1941.] 





102. Experiments on the Synthesis of Substances related to the 
Sterols. Part XXXVI (Continuation of Part XXII). 


By A. KoEBNER and SiR ROBERT ROBINSON. 


In Part XXII (J., 1938, 1994) the synthesis of x-norequilenin methyl ether (I, 
R = Me) isdescribed. Itis now found that methylation of its piperonylidene derivative 
by means of potassium éert.-butoxide and methyl iodide in ¢#ert.-butyl alcoholic 
solution gives a stereoisomeride of piperonylidene-equilenin methyl ether (II). 


MeCO  — 


= ‘eo 


Variations of the general line of Part XXII have been explored, especially with a 
view to the preparation of an acid of the type (IV) from (III, R’ = H), where R 
represents either the methyl group or the acetic acid residue. This has not been 
achieved, but other matters of interest have emerged from the work involved. 


CH, CO 


uré ‘oH wo Ye Ya 


ae, CH—CH, (iV) 


2 ee Sd 


In attempting the cyclo-dehydration of 3-6-naphthylcyclopentan-l-one-2-acetic acid by a 
new method we have encountered an isomeride which is not soluble in aqueous sodium 
carbonate. It affords the semicarbazone of the original acid under mild conditions and 
must be either the hydroxy-lactone (V, R = H) or the hydrate of the enol-lactone, the former 
being the more probable a perrd 

The acetoxy-lactone (V, R = Ac) also has been obtained. 


CH, 0 
- 
CH, ¢-OR CO 
; CH—CH—CH, (VI.) 
trans-1-Methyl-«-decalol (V¥) has been prepared in the hope that it aoe serve as a model 
for the oxidative fission, in this case between positions 1 and 9. The possible use of the 


resulting diketones has been indicated in an earlier paper. The #ert.-alcohol was found to 
be very resistant to oxidation. By dehydration it affords a 1-methyloctalin of undetermined 
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constitution. The direct methylation of methyl 3-6’-methoxy-2’-naphthylcyclopentan- 
l1-one-2-acetate, and hydrolysis of the product, gave a trimethyl derivative, probably (VII). 


CO 


oo 
HMeG CH, 
RCH—CH, 


(VIL) (IX.) 


Borsche and Fels (Ber., 1906, 39, 1922) found that the hydrolysis of ethyl phenacylaceto- 
acetate gave rise to the phenylcyclopentenone (VIII) and Borsche and Menz (Ber., 1908, 
41, 190) reduced the substance to a saturated ketone and saturated sec.-alcohol. When 
ethyl propionylacetate is used in place of ethyl acetoacetate, substituted cyclopentanones 
(IX) become accessible. We have prepared a number of such substances (R = phenyl, 
§-naphthyl, 6-methoxy-2-naphthyl, and halogenated derivatives), but have not been able 
to introduce the acetic acid residue (CH,*CO,H) in position 2 of the cyclopentanone group. 
Although our main objective was not attained, a side issue is being followed up. 

Wagner-Jauregg (Amnalen, 1931, 491, 1) showed that maleic anhydride forms a 
2: l-adduct with as.-diphenylethylene, and by degradation phenylnaphthalene deri®atives 
were obtained. Cohen and Warren (J., 1937, 1318) developed this method and synthesised 
a tetrahydrophenanthrenedicarboxylic acid anhydride from «-vinylnaphthalene and maleic 
anhydride. The idea of Bergmann and Bergmann (J. Amer. Chem. Soc., 1937, 59, 1443) 
to apply this method to the synthesis of chrysene derivatives was realised by Bachmann | 
and Kloetzel (J. Amer. Chem. Soc., 1938, 60, 2204) in several cases, of which the most 
interesting is that shown below. It was assumed, presumably from formal analogy with 


Me 


Me bo—7 H, 
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r 
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other “ diene ’’ syntheses, that the substance (X) is a 2: 3: 4: 12-tetrahydrophenanthrene 
derivative, but no proof was offered of this and it seems possible that the aromatic 
naphthalene nucleus remains intact and the substance is a derivative of 1 : 2: 3 : 4-tetra- 
hydrophenanthrene. The anhydride (X) bears no reactive group in ring D and, although 
we thought it unlikely to succeed, it seemed desirable to attempt the addition of maleic 
anhydride to a substance of the type (VIII) in which R is a 6-naphthyl radical. Such an 
adduct (XI) has been prepared and the transformations of this class of compound will, 
it is hoped, be studied in detail. The constitution figured is advanced provisionally 
pending further information. 

In view of the-expected neutralising action of the carbonyl group on the reactivity of 
the diene system it was surprising that an adduct was formed at all. Accepting this, 
however, the structure proposed seems the most natural. It is possible that the substance 
contains two, or even four, more hydrogen atoms and that it may be (XI, CH-OH instead 
of CO) or a substituted succinic anhydride ; much further work is needed. 

x-Norequilenin methyl ether (I, R = Me) has been demethylated, and x-norequilenin 
acetate (I, R = Ac) prepared. It is a weak oestrogenic agent. The experiments of Cook 
and Lawrence (J., 1937, 817) on the methylation of trans-«-decalone showed clearly that a 
direct methylation of x-norequilenin methyl ether could not be expected to yield x-equilenin 
methyl ether. We have therefore protected the 16-position by a piperonylidene group 
and submitted the derivative (XII) to the action of potassium ¢ert.-butoxide and methyl 
iodide. One methyl group was introduced and the constitution of the product should be 
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(II). It is closely similar in properties to piperonylidene-equilenin methyl ether (also II), 
which was prepared for comparison. It is not, however, the dl-form of this substance, 
because the colour reactions with hot sulphuric acid are characteristic, reproducible with all 
specimens, and different. Examination of the models shows that the molecular shapes 
of the stereoisomeric piperonylidene-d/-equilenins are quite dissimilar and it is not surprising 
that the profound changes caused by hot sulphuric acid take divergent courses. Neither 
of the substances (II) is affected by further treatment with the methylating agents. 
Similarly, 6-methoxy-2-piperonylidene-a-tetralone (XIII) was recovered unchanged after 
attempted methylation under the same conditions, but 5-methoxy-2-piperonylideneindan- 
l-one (XIV) was converted in this way into an isomeride or dimeride. 


CH, CO 
co 


\.. 
A, Xn C-CH-C,H,0, Ne: CH-C,H,0, CO 
CH—CH, MeO - : :CH-C,H,O 
¢ " Me ‘ 


MeO CH, H, 
(XII) (XIII.) (XIV.) 


The x-norequilenin methyl ether series has been paralleled by the preparation of 
3’-ketagl : 2: 3 : 4-tetrahydrocyclopentenophenanthrene (XV) by reduction of 3’ : 4-diketo- 
1: 2:3: 4-tetrahydrocyclopentenophen@Mthrene (Koebner and Robinson, Joc. cit.). The 
piperonylidene derivative was methylated by the usual method and afforded the 2-methyl 
derivative (XVI). 

CO 


(XV.) 


+S & ie 
WAZ 


Two observations bearing on the constitution of x-norequilenin methyl ether are 
the following. 3’ : 4-Diketo-1 : 2: 3 : 4-tetrahydro-l : 2-cyclopentenophenanthrene (XVII) 
(Koebner and Robinson, loc. cit.) is easily oxidised in aqueous alcoholic sodium hydroxide 
solution by gitrobenzene with formation of 4-hydroxy-3’-keto-1 : 2-cyclopentenophen- 
anthrene (Robinson, J., 1938, 1390). This is a confirmation of the identity of the carbon 
skeletons in the two series. 


co 
(XVIL.) O H, 7 \/ \¢ICHPh 
VAN CH, CH, (XVIII:) 


WV 


The dehydrogenated benzylidene derivative mentioned in the addendum to our last 
paper (loc. cit.) has been further examined and found to be 3’-keto-7-methoxy-4'-benzylidene- 
cyclopentenophenanthrene (XVIII). The possibility of such dehydrogenation is a clear 
proof that catalytic reduction of the 3’ : 4-diketo-7-methoxy-1 : 2 : 3 : 4-tetrahydrocyclo- 
pentenophenanthrene eliminates oxygen in the 4-position as already assumed on other 
grounds. 

EXPERIMENTAL. 

Hydroxy-lactone Form of 3-8-Naphthylcyclopentan-1-one-2-acetic Acid (V, R = H).—The 
cyclo-dehydration of the acid was best effected by means of phosphoric oxide in syrupy 
phosphoric acid solution (Koebner and Robinson, Joc. cit.), but a number of other methods 
were tried. In some of these the acid was converted into a product insoluble in aqueous sodium 
carbonate. For example, a 60% yield of this.substance was obtained by the action of stannic 
chloride on the acid in carbon disulphide solution. The hydroxy-lactone crystallised from 
aqueous alcohol in small prisms, m. p. 60° (Found: C, 76-2; H, 6-3. C,,H,,0, requires C, 
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76-1; H, 6-1%). The semicarbazone, prepared in an aqueous alcoholic medium by the normal 
procedure, crystallised from methyl alcohol in rhombic plates, m. p. 217°, and was clearly 
the derivative of naphthylcyclopentanone-2-acetic acid already described (loc. cit.). 

The action of boiling acetic anhydride on the keto-acid led to extensive decomposition in 
30 minutes. If, however, a few drops of hydriodic acid were added and the time was reduced 
to 15 minutes, the acetate (V, R = Ac) of the hydroxy-lactone form could be isolated (yield, 

30%). This substance crystallised from alcohol in colourless, monoclinic prisms, m. p. 157—158° 
(Found : C, 73-3; H, 6-0. C,,H,,0, requires C, 73-6; H, 5-8%). On hydrolysis with aqueous 
alcoholic potassium hydroxide, the salt of the keto-acid was regenerated. These substances 
were obtained incidentally and no attempt has been made to find the most satisfactory methods 
of preparation. 

3-Methyl-A*-cyclopenten-1-one-2-acetic Acid.—Acetonyl-levulic acid (Kehrer and Igler, 
Ber., 1899, 32, 1178) (1-8 g.) was heated on the steam-bath with 2% aqueous potassium hydroxide 
(200 c.c.) for 2 hours. The solution was just acidified to Congo-red and evaporated to dryness, 
and the residue extracted with ethyl acetate: After removal of the solvent the product was 
crystallised from benzene-light petroleum (b. p. 40—60°) and then from a little chilled ethyl 
acetate (yield, 1 g.). The acid formed colourless, well-shaped, hexagonal plates, m. p. 109—110° 
(Found : C, 62:2; H, 6-4. C,H, 0, requires C, 62-3; H, 65%). The substance is the simplest 
that can be made by this type of synthesis (starting from a furfurylideneketone); it is un- 
saturated to permanganate, readily soluble in most organic solvents, and moderately readily 
soluble in water. 

Reduction of Difurfurylidenecyclohexanone.—An attempt to apply the Kehrer—Igler method 
to difurfurylidenecyclohexanone gave only intensely coloured decomposition products. No 
better results were obtained with the reduced compounds mentioned below and with these a 
fission by bromine was also unsuccessfully attempted. A solution of the unsaturated ketone 
(30 g.) in ethyl acetate (100 c.c.) was shaken under hydrogen with a palladised strontium 
carbonate catalyst (5 g.). In 15 minutes the absorption of hydrogen corresponded to saturation 
of three double bonds. The main product, 2 : 6-di-a-furyléyclohexanol (20 g.), was a colourless 
oil, b. p. 169°/2-5 mm., »}%" 1-5070 (Found: C, 73-3; H, 7-9. C,H,» O, requires C, 73-8; H, 
7-7%). There was a fraction (4 g.) of lower b. p. and a residue. 

If the hydrogenation was allowed to continue, two more mols. of hydrogen were taken up 
in 2 hours. The product (yield, 65%) was a viscous oil, b. p. 180°/1 mm., »}®° 1-5272 (Found: 
C, 72-6; H, 9-1. C,.H,,O, requires C, 72-7; H, 9-1%). Reduction of the furan nucleus has 
evidently occurred, but it is not known whether one such nucleus gives a tetrahydro-derivative 
or whether the product is 1 : 3-bisdihydro-a-furylcyclohexanone. It is best described as 
tetrahydvo-2 : 6-di-a-furylcyclohexanol. 

trans-1-Methyl-a-decalol (V1).—The prefix ‘‘ trans ” refers to the decalin configuration and 
the material described below may be a mixture of stereoisomerides due to the two possible 
arrangements of the substituents. 

A solution of trans-a-decalone (3 g.) in benzene (30 c.c.) was slowly added to one of methyl- 
magnesium iodide (from methyl iodide, 3 g.; magnesium, 1 g.) in ether (30 c.c.) cooled in an 
ice-bath and vigorously stirred for 1 hour. The mixture was then kept at room temperature 
for 1 hour and refluxed for 2 hours. The product was an oil (2-8 g.),.b. p. 83—88°/2 mm., 
nw” 1-4930 (Found: C, 78-5; H, 11-9. C,,H, O requires C, 78-6; H, 11-9%). The substance 
was resistant to oxidation by chromic acid or potassium permanganate. It was dehydrated 
with the greatest ease by passing sulphur dioxide into a solution in acetone (1 g. in 30 c.c.). 
1-Methyloctalin (yield, 0-8 g.) had b. p. 60°/0-4 mm. and u?° 1-4985 (Found: C, 88-2; H, 11-9. 
C,,H,, requires C, 88-0; H, 12-0%). Oxidation with lead tetra-acetate, followed by treatment 
with acetic and sulphuric acids, gave a ketone, but this indication was not followed up. 

The methylation of tvans-a-decalone (Cook and Lawrence, loc. cit.) in position 2 was effected 
by means of sodamide and methyl iodide. We have reproduced the results of these authors, 
employing potassium /ert.-butoxide and methyl iodide in solution in tert.-butyl alcohol (3 vols.) 
and ether (4 vols.). 

Under similar conditions 3’ : 4-diketo-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene 
(C,,H,,0,) afforded a derivative that crystallised from alcohol in yellow needles, m. p. 191—192° 
(Found: C, 81-6, 81-3; H, 6-0, 6-3. C,,H,,O, requires C, 81-8; H, 6-0%). It thus appears 
to be a monomethy] derivative, but it is also possible that more extensive methylation and 
perhaps dehydrogenation has occurred. The m. p. was not very sharp and the ketonic properties 
were not well developed. Moreover we would not expect that the 2-methy] derivative, which 
might be weakly ketonic, would be a yellow substance. 
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3-Phenyl-2-methyl-A*-cyclopenten-1-one.—Finely powdered sodium (1-2 g.) was suspended 
in ether (100 c.c.), and ethyl propionylacetate (7 g.) (Willstatter, Ber., 1914, 47, 298) slowly 
added; the mixture was refluxed on the steam-bath for 30 minutes. Phenacyl bromide (10 g.), 
dissolved in ether (25 c.c.), was added with shaking to the cooled solution, which was then re- 
fluxed for 3 hours. Water was added to the cooled mixture, the ethereal layer separated, 
and the aqueous solution twice extracted with ether. The combined ethereal solutions were 
washed and dried, and the solvent evaporated. A yellow oil was obtained, which was heated 
on the steam-bath with aqueous sodium hydroxide (250 c.c. of 5%) and alcohol (50 c.c.) for 20 
minutes. The solution was extracted with ether, the solvent removed, and the residual oil 
distilled under diminished pressure. As the analysis gave low values for carbon, indicating the 
presence of an open-chain diketone, the oil was boiled with 10 times its weight of acetic anhydride 
for 30 minutes. The acetic anhydride was removed; the residual oil, b. p. 136—137°/6 mm., 
solidified completely on standing. The substance crystallised from light petroleum (b. p. 
40—60°) in large, lath-shaped, colourless prisms, m. p. 50—51° (yield, 65%) (Weidlich and 
Daniels,* Ber., 1939, 72, 1590, give m. p. 47—48°) (Found: C, 84:0; H,7-1. Calc. forC,,H,,0: 
C, 83:7; H, 6-9%). The 2: 4-dinitrophenylhydrazone, twice crystallised from benzene, formed 
long, slender, dark red prisms, m. p. 232—233° (Found: N, 16-1. C,,H,,O,N, requires N, 
15:9%). On acidification of the aqueous solution from the cyclisation, 8-benzoylpropionic 
acid was obtained in small amount. 

3-Phenyl-2-methylcyclopentan-l-one (IX, R = Ph).—Phenylmethylcyclopentenone (5-5 g.) 
was shaken in an atmosphere of hydrogen with palladised strontium carbonate (3 g. of 2%) 
at 40° in alcoholic solution (30 c.c.). The absorption of hydrogen was complete in 2 hours. 
The hot solution was separated from the catalyst, which was extracted twice with small portions 
of hot alcohol. After the removal of the solvent a colourless oil remained (yield, 75%), b. p. 
112—114°/0-4 mm., ”}%" 1-5335 (Found: C, 82-6; H, 8-3. Calc. forC,,H,,0: C, 82-8; H, 8-1%). 
The 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate in square, yellow plates, m. p. 
203—204° (Found: N, 15-8. C,,H,,0,N, requires N, 15-8%). 

5-Bromo-6-methoxy-2-naphthacyl Bromide.—A solution of bromine (40 g.) in chloroform 
(200 c.c.) was slowly added to 2-methoxy-6-acetylnaphthalene (25 g.) in chloroform (200 c.c.) ; 
after 3 hours hydrogen bromide was removed in a stream of dry air, and the solvent evaporated 
under reduced pressure. The dark green residue was crystallised from benzene and then from 
ethyl acetate (yield, 75%). It formed long, pale green needles, m. p. 134—135° (Found: C, 
43-6; H, 2-8. C,,H,,O,Br, requires C, 43-6; H, 2-8%). 

A small amount of a less readily soluble tribrqomo-derivative was also formed. It 
crystallised from acetic acid in pale yellow needles, m. p. 162-—163° (Found: C, 36-1; H, 2-1. 
C,,;H,O,Br, requires C, 35-7; H, 2-1%). 

5'-Bromo-6'-methoxy-2'-naphthacylpyridinium Bromide.—The above dibromo-ketone (5 g.) 
was heated on the steam-bath with an excess of pyridine for 10 minutes. The pyridinium 
bromide separated immediately as a white, crystalline mass. After being washed free from 
pyridine with ether, it crystallised from 90% aqueous alcohol in colourless needles, m. p. 255— 
. 256° (decomp.) (Found: N, 3-1. C,,H,,O,NBr, requires N, 3-1%). 

5-Bromo-6-methoxy-2-naphthoic Acid.—The pyridinium bromide was dissolved in water 
(25 c.c.) and treated with aqueous sodium hydroxide (2 c.c. of 10%). The yellow hydroxide 
separated at once, but when the mixture was warmed on the steam-bath for 15 minutes a colour- 
less solution was obtained. This was cooled and acidified. The crystalline precipitate was 
collected and recrystallised from alcohol; m. p. 292—293° (Haworth and Sheldrick, J., 1934, 
864, give m. p. 292—293°). The methyl ester, m. p. 163—164°, was also prepared (H. and S., 
m. p. 162—163°). 

Ethyl 5-Bromo-6-methoxy-2-naphthacylacetoacetate—A solution of ethyl acetoacetate (6 g.) 
in ether (50 c.c.) was slowly added to a suspension of finely powdered sodium (1-1 g.) in ether 
(150 c.c.).. The mixture was heated on the steam-bath for 20 minutes. 5-Bromo-6-methoxy- 
2-naphthacyl bromide (16 g.), dissolved in anhydrous benzene (100 c.c.), was introduced, and 
the mixture refluxed for 3 hours. After cooling and addition of water the ether—benzene layer 
was separated, and the aqueous solution extracted twice with ether. The brown oil from the 
- extracts solidified and crystallised from alcohol in pale yellow plates, m. p. 78—80° (yield, 
almost theoretical) (Found : C, 56-0; H,4-5. C,,H,,0,Br requires C, 56-0; H, 4-7%). 

5-Bromo-6-methoxy-2-naphthacylacetone.—The above ester was heated for 30 minutes on 
the steam-bath with aqueous sodium hydroxide (150 c.c. of 5%) and alcohol (50 c.c.). Complete 


* Our independent work on this topic was completed a long time before the date of this publication 
and, as it differs in detail, we submit an account of the experiments. 
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solution soon occurred, but yellow crystals separated after a short time. The mixture was 
cooled, and the solid collected and crystallised from benzene; m. p. 176—177°. A specimen 
was refluxed with 10 times its weight of acetic anhydride for 30 minutes and the unchanged 
substance was isolated (Found: C, 57-0; H, 4-5; Zerewitinoff H, 0-56. C,,H,,0,Br requires 
C, 57-2; H, 4-5; Zerewitinoff 2H, 0-59%). 

The 2: 4-dinitrophenylhydrazone crystallised from nitrobenzene in very long, fine needles 
that did not melt below 300° (Found: N, 11-0. C,,H,,0,N,Br requires N, 10-9%). 

When the substance was heated with ammonium acetate in acetic acid solution, a pyrrole 
derivative was produced ; it formed buff-coloured prisms, m. p. 173—175°, from benzene (Found : 
N, 3-9. C,sH,,ONBr requires N, 4-4%). 

Ethyl 8-5-Bromo-6-methoxy-2-naphthacylpropionylacetate—A solution of ethyl propionyl- 
acetate (8 g.) in ether (50 c.c.) was added to a suspension of powdered sodium (1-1 g.) in ether 
(250 c.c.). The mixture was refluxed for 30 minutes and 5-bromo-6-methoxy-2-naphthacyl 
bromide (20 g.) in benzene (400 c.c.) was then added slowly to the cooled solution. After refluxing 
for 2 hours, the product was isolated in the usual manner. It separated from alcohol in rhombic 
plates (23 g.), m. p. 89—91° (Found: C, 56-7; H, 5-0; Br, 19-0. C,.H,,O,Br requires C, 
57-0; H, 5-0; Br, 19-0%). 

3-(5’-Bromo-6'-methoxy-2'-naphthyl)-2-methyl-A?-cyclopenten-1-one.—A mixture of.the above 
crude ester (23 g.), alcohol (75 c.c.), and aqueous sodium hydroxide (300 c.c. of 5%) was heated 
on the steam-bath for 1 hour. The yellow solid that separated crystallised from ethyl acetate 
in large, pale buff-coloured prisms, m. p. I77—178° (yield, 85%) (Found: C, 61-5;°H, 4-6. 
C,,H,,0,Br requires C, 61-6; H, 4:5%). The 2: 4-dinitrophenylhydrazone crystallised from 
pyridine in long, crimson needles, m. p. 292—-293° (decomp.) (Found: N, 11-1. C,,;H,,O;N,Br 
requires N, 11-:0%). The alkaline filtrate from the decarboxylation and cyclodehydration 
was acidified, and the precipitate crystallised from acetic acid and then from alcohol. 
B-5-Bromo-6-methoxy-2-naphthoylpropionic acid was so obtained in buff-coloured plates, m. p. 
204—205° (Found: C, 53-2; H, 3-8. C,,;H,,0,Br requires C, 53-4; H, 3-8%). 

3-(6’-Hydroxy-2'-naphthyl)-2-methyl-A*-cyclopenten-l-one.—A solution of bromomethoxy- 
naphthylmethylcyclopentenone (2 g.) in acetic acid (10 c.c.) and hydriodic acid (20 c.c., d 1-7) 
was refluxed for 8 hours. The mixture was decolorised with sulphur dioxide, poured into water, 
rendered alkaline, and extracted with ether. The solid obtained on saturating the aqueous 
solution with carbon dioxide was collected and dried, and its benzene solution passed through 
an alumina column. After removal of the solvent the compound gave low values of carbon 
on analysis and was found to contain traces of iodine. The solution of the product in aqueous 
sodium hydroxide (30 c.c. of 5%) was therefore boiled with zinc dust (1 g.) for 2 minutes. The 
recovered phenol crystallised from alcohol in large, very faintly yellow plates (0-75 g.), m. p. 
204—-205° (Found : C, 80-4; H, 5-9. C,.H,,O, requires C, 80-6; H, 5-9%). 

3-(6’ - Methoxy - 2’ -naphthyl) -2-methylcyclopentan-1- one.—Bromomethoxynaphthylmethy]l- 
cyclopentenone (5 g.) in alcohol (50 c.c.) was shaken with palladised strontium carbonate (3 g.) 
under hydrogen at 60° for 18 hours. After hydrogen (1 mol.) had been absorbed, the catalyst 
was reactivated by shaking with air for } hour; a further equal volume of hydrogen was then 
absorbed. The alcoholic solution and extract of the catalyst was evaporated to dryness, and 
the residue extracted several times with small volumes of hot benzene. The benzene solution 
was passed through an alumina column and then mixed with light petroleum (b. p. 40—60°). 
The ketone crystallised from benzene in stout prisms (3 g.), m. p. 116—117° (Found: C, 80-4; 
H, 7-1. Cy,H,,O, requires C, 80-3; H, 7-1%). 

In all subsequent preparations which were carried out in a similar way a more soluble form 
of the ketone was isolated, m. p. 84—86° (Found: C, 80-4; H, 74%). A mixture of the two 
specimens had m. p. 116°. It would appear that this substance is dimorphic. 

The preparation of 3-(6’-methoxy-2’-naphthyl)-2-methylcyclopentan-l-one-2-acetic® acid 
from this methoxy-ketone was attempted under a variety of conditions, but without result. 

3-(6’-H ydroxy-2'-naphthyl)-2-methylcyclopentan-1-one-—A mixture of the methyl ether 
(2 g.), acetic acid (10 c.c.), and hydriodic acid (20 c.c., d 1-75) was refluxed for 20 minutes. 
- The solution was cooled, decolorised with sulphur dioxide, poured into water, rendered alkaline, 
and extracted with ether. Carbon dioxide was passed through the aqueous solution and the 
precipitated phenol was collected and dried. Its benzene solution was passed through an 
alumina column and, on concentration, the. phenol crystallised. Recrystallised from ethyl 
acetate-light petroleum (b. p. 40—60°), it formed colourless prisms (1-5 g.), m. p. 143—144° 
(Found: C, 80-0; H, 6-8.. C,,H,,O, requires C, 80-0; H, 6-7%). 

Anhydride of 8-Bromo-3'-keto-7-methoxy-2-methyltetrahydro-1 : 2-cyclopentenophenanthrene- 
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3 : 4-dicarboxylic Acid (?) (XI).—A mixture of 3-(5’-bromo-6’-methoxy-2’-naphthy])-2-methyl- 
A*-cyclopenten-1-one (2 g.), maleic anhydride (6 g.), and xylene (25 c.c.) was refluxed for 5 hours; 
the solution became dark red. Alcohol (50 c.c.) was added; after 2 weeks at 0°, a yellow solid 
had crystallised (0-75 g.). The adduct separated from alcohol as a crystalline powder, m. p. 
147—148° (Found: C, 58-1; H, 4-7. C,,H,,O,Br requires C, 58-7; H, 4-:0%). It is proposed 
to make a further examination of this, or an analogous substance. The analysis establishes the 
region of composition, taking into consideration the nature of the components, but a better 
agreement is obtained if reduction is assumed (C,,H,,O;Br requires C, 58-5; H, 44%. 
C,,H,,0,;Br requires C, 58-2; H, 4-8%). 

5-Chloro-6-methoxy-2-naphthacyl Bromide.—On a large scale the method of Robinson and 
Willenz (this vol., p. 395) for the preparation of 5-chloro-6-methoxy-2-acetonaphthone was 
modified, and the yield of 80% maintained. The quantities used were: 1-chloro-2-methoxy- 
naphthalene (70 g.), acetyl chloride (30 g.; 1 mol.), nitrobenzene (800 c.c.), and aluminium 
chloride (105 g.). 

The ketone (25 g.) was treated with bromine (20 g.) in cold chloroform (300 c.c.) and after 
3 hours the solvent was removed under diminished pressure. The residue crystallised from 
benzene in pale green, slender prisms (yield, 80%), m. p. 116—117° after recrystallisation from 
ethyl acetate (Found: C, 49-8; H, 3-4. C,,;H,,O,ClBr requires C, 49-8; H, 33%). When 
the pyridinium bromide obtained from this bromo-ketone was heated with aqueous sodium 
hydroxide, an almost quantitative yield of 5-chloro-6-methoxy-2-naphthoic acid, slender 
prisms, m. p. 308—310°, was obtained (Robinson and Thompson, J., 1938, 2006, give m. p. 
308—310°). © 

Ethyl §-5-Chloro-6-methoxy-2-naphthacylpropionylacetate—This was prepared like the 
corresponding bromo-compound (above), except that the bromide was introduced as a fine 
powder instead of in benzene solution, and the yield was almost theoretical. The ester crystallised 
from methyl alcohol in colourless prisms, m. p. 87—89° (Found : C, 63-6; H, 5-6. C, H,,0;Cl 
requires C, 63-7; H, 56%). Hydrolysis at 60° with an excess of aqueous sodium hydroxide 
(2%) was carried out for 3 hours, and the liquid then boiled for 10 minutes. The solid was 
collected and extracted (Soxhlet) with ethyl acetate, and the solution concentrated. The 
cyclopentenone derivative separated (yield, 60%) and was recrystallised from alcohol, forming 
prisms, m. p. 165—166° (Found: C, 71-1; H, 4-9. C,,H,,0,Cl requires C, 71-2; H, 5-2%). 
The 2: 4-dinitrophenylhydrazone separated from nitrobenzene in deep red, prismatic needles, 
m. p. 296—297° (decomp.) (Found: N, 12-1. C,3;H,,0;N,Cl requires N, 12-0%). The alkaline 
filtrate from the crude ketone (above) was acidified and afforded §-5-chloro-6-methoxy- 
2-naphthoylpropionic acid (0-5 g.); glistening plates from alcohol, m. p. 196—197° (Robinson 
and Thompson, loc. cit., give m. p. 198—199°). . 

3-(5’-Chloro-6'-methoxy-2'-naphthyl)-2-methylcyclopentan-l-one.—The conditions of the 
catalytic hydrogenation of the chloro-cyclopentenone derivative (2 g.) were closely similar to 
those used for the corresponding bromo-compound, but the chlorine atom was not eliminated 
completely. When a hot benzene solution of the product was diluted with light petroleum 
(b. p. 40—60°), a substance separated; recrystallised from methyl alcohol, it formed colourless 
prisms (0-2 g.), m. p. 137—139° (Found: C, 71-1; H, 5-6. C,,H,,0,Cl requires C, 70-8; 
H, 5:9%). The filtrate was evaporated, and the residue crystallised from light petroleum 
(b. p. 60—80°) and then from methyl alcohol (yield, 1-0 g.). The colourless prisms had m. p. 
84—-86°, alone or mixed with methoxynaphthylmethylcyclopentanone -obtained from the 
5-bromo-derivative as above. 

x-Norequilenin Acetate (I, R = Ac).—A mixture of x-norequilenin methyl ether (250 mg.), 
hydriodic acid (6 c.c., d 1-75), and acetic acid (3 c.c.) was heated to 130—140° during 10 minutes 
and kept at this temperature for 5 minutes longer. It was then cooled, poured into water, and 
decolorised with sulphur dioxide. The solid (230 mg.) was collected and dissolved in aqueous 
sodium hydroxide, the solution filtered and acidified, and the phenol (150 mg.), which was very 
sparingly soluble in most solvents, was at once acetylated by means of acetic anhydride (5 c.c.) 
and pyridine (5 c.c.). The mixture was heated on the steam-bath for 4 hours, poured into 
water, and extracted with ether. The ethereal extract was washed with dilute alkali, dilute 
acid, and with water. After removal of the solvent the yellow solid residue crystallised from 
aqueous alcohol (charcoal) in flat needles, m. p. 135—136° (Found : C, 77-5; H, 6-0. C,,.H,,0; 
requires C, 77-6; H,6-1%). Professor E. C. Dodds has kindly examined this-aceiate and reports 
that it is oestrogenic in doses of 10 mg. Like the methyl ether, it gives a yellow solution in 
sulphuric acid and an intense green fluorescence is developed on heating. The reaction 
resembles that exhibited by equilenin. The acetate forms an orange-red picrate. 
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3’-Keto-1 : 2:8: 4-tetrahydro-1 : 2-cyclopentenophenanthrene (XV).—A solution of 3’ : 4-di- 
keto-1 : 2: 3: 4-tetrahydro-1 : 2-cyclopentenophenanthrene (500 mg.) in alcohol (30 c.c.) was 
shaken at room temperature with platinised charcoal (1 g. of 10%) and a saturated alcoholic 
solution of palladous chloride (2 c.c.) under hydrogen. The theoretical volume of hydrogen 
was absorbed in 4 hours and no further absorption occurred, although the conditions were 
maintained for 4 hours longer. The catalyst was removed from the hot solution and extracted 
with hot alcohol. The combined alcoholic solutions were concentrated; the new ketone then 
crystallised. It separated from methyl alcohol or from aqueous alcohol in white prisms, m. p. 
111—112° (Found: C, 86-2; H, 6-5. C,,H,,O requires C, 86-4; H, 6-8%). 

The 2 : 4-dinitrophenylhydrazone crystallised from acetic acid in bright yellow needles, m. p. 
255—256° (Found: N, 13-3. C,;H,, O,N, requires N, 13-5%). 

3’-Keto-4'-piperonylidene-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene.—A__ solution 
of sodium ethoxide (10 c.c. of 1%) was gradually added to one of the above ketone (0-6 g.) 
and piperonal (0-4 g.) in alcohol (10 c.c.). The mixture was then heated on the steam-bath ; 
on cooling, a yellow solid separated (0-7 g.), which was collected and washed with aqueous sodium 
carbonate. It was crystallised from acetic acid and then from benzene-light petroleum (b. p. 
40—60°), forming pale yellow prisms, m. p. 173—174° (Found: C, 81-2; H, 5-3; CMe, 0-9. 
Cy5Hy,O0, requires C, 81-5; H, 5-5; CMe, 0-0%. 2-Methoxynaphthalene gave CMe, 0-8% 
by the Kuhn—Roth method). 

3’ - Keto - 4' - piperonylidene-2- methyl-1: 2:3: 4-tetrahydro-1 : 2-cyclopentenophenanthrene 
(XVI).—The above piperonylidene derivative (250 mg.) was dissolved in a solution of potassium 
(0-8 g.) in ¢ert.-butyl alcohol (15 g.)._ Methyl iodide (5 c.c.) was added, and the mixture refluxed 
for 1 hour on the steam-bath and kept overnight. Most of the alcohol was then evaporated and 
the residue was treated with water and dilute hydrochloric acid and extracted with ether. The 
solvent was evaporated; the residue, a yellow solid, crystallised from ethyl acetate—light 
petroleum (b. p. 40—60°) in flat prisms, m. p. 158—159° (Found: C, 81-7; H, 5-8; CMe, 
2-5. C,gH,,O0; requires C, 81-7; H, 5-8; 1CMe, 3-2%). 

3’ - Keto-1-methoxy - 4’ - piperonylidene-1 : 2: 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene 
(XII).—A solution of the methoxy-ketone (0-9 g.) and piperonal (0-5 g.) in alcohol (30 c.c.) 
was gently heated on the steam-bath, and 5Nn-sodium hydroxide (10 c.c.) added slowly; the 
yellow piperonylidene compound began to separate almost at once. After cooling and keeping, 
the solid was collected; it crystallised from benzene-light petroleum (b. p. 40—60°) in pale 
yellow, rhombic plates, m. p. 187—188° (Found: C, 78-4; H, 5-5; CMe,1-4. C,,H,,O, requires 
C, 78-4; H, 5-5; CMe, 0%). 

A 2: 4-dinitrophenylhydrazone could not be obtained. The compound gave an intense 
yellow coloration in ¢ert.-butyl-alcoholic sodium ¢ert.-butoxide. 

3’ - Keto-7-methoxy -4' -piperonylidene-2-methyl-1 : 2: 3 : 4-tetrahydro-1 : 2-cyclopentenophen- 
anthrene, Piperonylidene-x-equilenin Methyl Ether (II).—The above piperonylidene compound 
(0-5 g.) was dissolved in a solution of potassium (1-6 g.) in ¢ert.-butyl alcohol (30 g.), methyl 
iodide (10 c.c.) added, and the mixture refluxed on the steam-bath for 2 hours. Most of the 
tert.-butyl alcohol was evaporated, and the residue treated with water and dilute hydrochloric 
acid and extracted with ether. The solvent was evaporated; the residue, a bright yellow solid 
(0-5 g.), crystallised from benzene-light petroleum (b. p. 40—60°) in pale yellow plates, m. p. 
180—181°, mixed m. p. with the unmethylated material, 166—170° (Found: C, 78-7; H, 
6-1; CMe, 2-6. C,,H,,O, requires C, 78-6; H, 5-8; 1CMe, 3-6%). The compound showed no 
ketonic properties and, when dissolved in an alcoholic solution of sodium ethoxide, gave no 
coloration. Its orange-red solution in cold concentrated sulphuric acid became brown on heat- 
ing. This reaction was repeated on many occasions and always with the same result; it con- 
stitutes a distinction from piperonylidene-equilenin methyl ether (g.v.). The colorations 
developed by the isomerides in the cold reagent are identical in tone and intensity. 

16-Piperonylidene-equilenin Methyl Ether (II).—This derivative was prepared from the 
methyl ether of natural equilenin by condensation with piperonal in ethyl-alcoholic solution 
containing a little potassium hydroxide. It crystallised from alcohol in colourless plates, m. p. 
208—209° (Found: C, 78-7; H, 6-1; CMe, 3-1. C,,H,,O, requires C, 78-6; H, 5-8; 1CMe, 
3-6%). This compound was treated with potassium and methyl iodide in hot ¢ert.-butyl- 
alcoholic solution, and was recovered unchanged, though slightly yellow, m. p. 206°, mixed 
m. p. with the original sample, 207—-208°. The derivative gave no coloration in alcoholic 
sodium ethoxide solution. In cold concentrated sulphuric acid it gave an orange-red solution, 
which slowly became brownish-green on heating. 

6-Methoxy-2-piperonylidene-a-tetralone (XIII).—This substance was obtained in almost 
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quantitative yield by the condensation of 6-methoxy-a«-tetralone and piperonal in alcoholic 
solution with the help of sodium hydroxide. It crystallised from alcohol in pale yellow needles, 
m. p. 171—172° (Found: C, 74-0; H, 5-1. Cy H,,O, requires C, 74-0; H, 5-2%). It was 
submitted to the methylation process (boiling ¢ert.-butyl-alcoholic potassium /ert.-butoxide, 
and methyl iodide) under the usual conditions and was recovered unchanged, m. p. 171—172° 
alone or mixed with the original specimen. 

5-Methoxy-2-piperonylidene-a-hydrindone (XIV), also obtained in theoretical yield from the 
components in aqueous alcoholic sodium hydroxide solution, crystallised from benzene-light 
petroleum (b. p. 40—60°) in pale yellow prisms, m. p. 226—227° (Found: C, 73-5; H, 4-9. 
C,,H,,O,requires C, 73-5; H, 4-8%). Attempted methylation in boiling tert.-butyl-alcoholic 
potassium fert.-butoxide by means of methyl iodide afforded in this case an isomeride (or 
dimeride) that crystallised from alcohol—benzene in colourless needles, m. p. 253—-254° (Found : 
C, 73-2; H, 4:9. C,,H,,0O, requires C, 73-5; H, 4-9. C,,H,,O, requires C, 74-0; H, 5-2%). 
Mixed with the starting material, it melted at 210°. A further study of this interesting change 
is projected. 

4-H ydroxy-3'-keto-1 : 2-cyclopentenophenanthrene.—A mixture of 3’ : 4-diketo-1: 2:3: 4- 
tetrahydro-1 : 2-cyclopentenophenanthrene (0-6 g.), nitrobenzene (2 c.c.), alcohol (24 c.c.), 
and 5n-sodium hydroxide (6 c.c.) was boiled for 3 minutes, cooled, and shaken with acetic 
anhydride (12 c.c.). The solid obtained crystallised from acetic acid in needles, m. p. 207° 
alone or mixed with 3’-keto-4-acetoxy-1 : 2-cyclopentenophenanthrene (Robinson, Joc. cit.). 
The phenol obtained on hydrolysis had all the properties (including diazo-coupling) of the 
specimen previously obtained. On methylation it afforded the methyl ether, which crystallised 
from alcohol in needles, m. p. 179° alone or mixed with an authentic specimen, 

3'-Keto-7-methoxy-4'-benzylidene-1 : 2-cyclopentenophenanthrene (XVIII).—A mixture of 
*x-norequilenin methyl ether (0-3 g.), benzaldehyde (3 c.c.), alcohol (10 c.c.), and 5N-sodium 
hydroxide (4 c.c.) was boiled for 15 seconds and then left exposed to the air. Alcohol was added 
to dissolve some oil that had separated; the product crystallised from ethyl acetate—alcohol 
in bright yellow threads, m. p. 223° (Found in material dried at 100°: C, 84-0, 84-2; H, 5-5, 
5°6. C,;H,,0,,0-5H,O requires C, 83-6; H, 5-3%). The substance was dissolved in benzene, a 
little alcohol added, and the solution concentrated by distillation. On cooling, slender yellow 
needles, m. ‘p. 224°, separated (Found in material dried at 110° in a high vacuum: C, 85-6; 


H, 5-3. C,;H,,0, requires C, 85-7; H, 5-1%). The orange-red solution in sulphuric acid 
(salmon-red when very dilute) exhibited an intense greenish-yellow fluorescence. On heating, 
the colour changed to bluish-red and then orange-red and the fluorescence became still more 
intense and yellower in tone. The solution in alcohol was yellow and exhibited a bluish-green 
fluorescence; the addition of sodium hydroxide produced no change. 


The following is reported by Dr. H. M. E. CARDWELL.— 

Various attempts to modify the carbonyl group of 3’-keto-4 : 7-dimethoxy-1 : 2-cyclo- 
pentenophenanthrene have been made. 

The cyanohydrin could not be prepared, although there was evidence of its occurrence 
in the products in some cases. Applications of the Francis and the Strecker reaction 
were also found to be impracticable. Reduction with sodium and amyl, butyl, or propyl 
alcohol never took a simple course. The chief product was a very sparingly soluble, yellow 
substance that crystallised from nitrobenzene in slender needles, m. p. 313°, and dissolved 
in sulphuric acid to a purple solution. Analytical results were not consistent, owing to 
the difficulty of complete combustion, but they pointed to the condensation of two 
molecules. Reduction of 7-methoxy-4-ethoxyketocyclopentenophenanthrene by means 
of aluminium isopropoxide and isopropyl alcohol gave an inseparable mixture, m. p. 
100—320°, and chiefly the self-condensation product. 

Reduction of 4-hydroxy-7-methoxyketocyclopentenophenanthrene by sodium amalgam 
gave amorphous non-phenolic material, and by Raney nickel in alkaline solution 
(Wintersteiner, J. Biol. Chem., 1937, 118, 789) left the phenol unchanged. 


4: 7-Dimethoxy-1 : 2-cyclopentenophenanthrene.—Ketodimethoxycyclopentenophenanthrene 
(2-9 g.) in acetic acid (80 c.c.) was reduced by shaking with hydrogen for 20 hours at 75° in the 
presence of Adams's catalyst (0-1 g.) and aqueous ferric chloride (5 c.c. of N/2). After 1200 c.c. 
had been absorbed, the catalyst coagulated. Evaporation of the filtered solution left a residue, 
which was extracted with alcohol (Soxhlet). On crystallisation of the product from butyl 
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alcohol the first fraction (0-93 g.) had m. p. 114—130°, raised to 175—185° by recrystallisation 
from amyl acetate; it consisted of unchanged ketone. The second fraction (0-45 g.) had m. p. 
112—116° and, after three crystallisations from acetic acid, m. p. 119—122°, with shrinking 
at 114° (Found: C, 81-8; H, 6-8. C,,H,,O, requires C, 82-0; H, 6-5%). 

3’-Keto-7-methoxy-4-ethoxy-1 : 2-cyclopentenophenunthrene oxime (12-6 g.) was obtained by the 
pyridine method from the ketone (15 g.). It crystallised from toluene in pale yellow needles, 
m. p. 244—246° (Found: C, 74-6; H, 6-1. C,.H,,O,;N requires C, 74-8; H, 5-9%). 

Reduction by hydrogen in the presence of Adams’s catalyst in acetic anhydride solution at 
70—80° gave two-thirds of the material back as the acetate of the oxime. This crystallised 
from toluene in clusters of rectangular prisms, m. p. 209—-210° alone or mixed with a specimen 
made from the oxime and acetic anhydride (Found: C, 72-9; H, 5-7; N, 3-7. C,,H,,O,N 
. requires C, 72-8; H, 5-8; N, 3-9%). The mother-liquor afforded 3’-acetamido-7-methoxy- 
4-ethoxy-1 : 2-cyclopentenophenanthrene (yield, about 30%), which crystallised from aqueous 
methyl alcohol and then from benzene in light yellow plates, m. p. 219—-221° (Found: C, 75-9; 
H, 6-5; N, 4-1. C,,H,,0,N requires C, 75-7; H, 6-7; N, 40%). An attempt to hydrolyse 
this derivative by means of a hot mixture of acetic and hydrochloric acids resulted in the 
production of a bluish-green hydrochloride, but the corresponding base could not be purified. 

Isomeric Forms of Methyl 3-(6'-Methoxy-2'-naphthyl)cyclopentan-1-one-2-acetate.—The 
ester already described (Koebner and Robinson, /oc. cit.) has m. p. 61°, and is obtained by catalytic 
reduction of the substituted cyclopentenone in alcoholic solution. It is probably the cis-ester. 
On hydrolysis it affords an acid, m. p. 147°, which is probably a trans-form. Re-esterification 
gives the trans-ester, needles from methyl alcohol, m. p. 101—102° (Found: C, 73-3; H, 6-6. 
Ci9HO, requires C, 73:1; H, 6.4%). Hydrolysis of this ester gives the acid, m. p. 147°. 

Hydrogenation of the cyclopentenone acid in acetic acid solution gave a gummy acid and a 
little of the acid, m. p. 147°. The gum, fieated with aqueous sodium hydroxide for 30 minutes, 
was converted into the acid, m. p. 147°, which was recovered on acidification. Cyclisation of 
the gummy acid and the acid, m. p. 147°, gave the same results. 

3-6’-Methoxy-2'-naphthyl-2 : 5 : 5-trimethylcyclopentan-1-one-2-acetic Acid (VII).—Methyl 
3-6’-methoxy-2’-naphthylcyclopentan-1l-one-2-acetate (3-2 g., m. p. 100°) and then methyl 
iodide (7 c.c.) were added to ¢ert.-butyl-alcoholic potassium ¢ert.-butoxide (4 g. of potassium), 
and the mixture refluxed for 2 hours. The solvent was removed, and water added. Neutral 
ester products were collected by means of ether and hydrolysed by heating with aqueous 
sodium hydroxide (5%) in the steam-bath. Acidification of this solution and of that from which 
the ester was extracted yielded the same acid, collected by means of ether in both cases. It 
was crystallised from a little acetic acid and then from benzene-light petroleum (b. p. 40—60°) 
and obtained in hexagonal plates, m. p. 193—195° (Found : C, 74-3; H, 7-3. C,,H,,O, requires 
C, 74:1; H, 7-1%). 

3’-Hydroxy-3'-methyl-1 : 2 : 3: 4-tetrahydro-1 : 2-cyclopentenophenanthrene.—A _ solution of 
ketotetrahydrocyclopentenophenanthrene (1-5 g.) in benzene (30 c.c.) was slowly added to one 
of methylmagnesium iodide (2 g. of methyl iodide; 0-4 g. of magnesium) in ether (30 c.c.), 
stirred at 0° for 2 hours, kept for 12 hours, and finally refluxed for 1 hour. The product was 
isolated in the known manner as a yellow oil and later crystallised from alcohol (20 c.c.) (charcoal) 
(yield, 70%). On recrystallisation, it'‘was obtained in long, colourless needles, m. p. 112—113° 
(m. p. 85—90°-when mixed with the starting material) (Found: C, 85-4; H, 7-8. C,,H,,O 
requires C, 85-7; H, 7-°9%). This substance is devoid of ketonic properties. 


Dyson -PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 9th, 1941.] 





103. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXVII. Derivatives of Chrysene. 


By L. GorBerGc and Sir RoBert Rosinson. 


In Part I Ramage and Robinson (J., 1933, 607) described the preparation of 
stereoisomeric hexahydrochrysenes from the meso- and the r-form of 8$’-diphenyl- 
adipic acid (Oommen and Vogel, J., 1930, 2148). 5: 14-Dimethoxyhexahydrochrysenes 
were also synthesised, but the method could only be applied to the preparation of 
symmetrically constituted substances. Hence it was proposed to achieve greater 
flexibility by first making suitable 2-phenyltetralones with the object of introducing 
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the acetic acid residue by the Reformatzky reaction and cyclising the reduced product. 
This scheme was explained in Part V (Robinson and Young, J., 1935, 1414) and 
carried out with the exception of the final ring-closure. 

A better method for the preparation of the substituted 2-phenyl-«-tetralones 
was described by Richardson, Robinson, and Seijo (J., 1937, 835). The present 
work describes the natural continuation of this investigation and was completed in 
1938. For the conversion of «y-diarylbutyric acids into 2-aryltetralones we have 
found phosphoryl chloride an effective condensing agent. In the Reformatzky 
reaction a by-product has been obtained, and its constitution determined. The 
normal products were reduced, hydrolysed, and cyclised by means of phosphoric oxide. 
In this way intermediates have been obtained in which it should be possible to modify 
one only of the terminal benzene nuclei. A novel synthesis of substituted hexa- 
hydrochrysenes by cyclodehydration of glycols is also described. 


As the yield of diaryladipic esters obtained by the reduction of arylacrylic esters is not 
favourable, we have studied a synthesis of a different kind but have made little use of it 
up to the present. Introduction of the carbethoxymethyl group into deoxyanisoin by 
the ordinary alkylation procedure affords ethyl 4 : 4’-dimethoxydesylacetate (I), which reacts 
with zinc and ethyl bromoacetate with formation of the /actone (II). The yields obtained 
offered little prospect of an improvement in the preparation of 68’-dianisyladipic acid. 


CHyCO,Et HyCO-Q CH,-CO,Et 
(I.) (II.) 
MeO-C,H,CH-CO-C,H,-OMe MeO:C,H,-CH ‘C,H,*OMe 


Dodds, Golberg, Lawson, and Robinson (Proc. Roy. Soc., 1939, B,127, 160) have described 
the glycol (III, R = OMe), the product of the action of methylmagnesium iodide on ethyl 
6p’-dianisyladipate-a. The substance was dehydrated by means of potassium hydrogen 
sulphate with formation of a diene and the latter was reduced to a saturated dianisyldi- 
methyloctane. We have now found that, when the glycol is heated with hydriodic acid, 
it is rapidly converted into 5 : 14-dimethoxy-2 : 2: 11: 11-tetramethyl-1 :2:9:10: 11: 18- 
hexahydrochrysene-a (IV, R= OMe). We have also prepared the glycol from ethyl 
dianisyladipate-b: if this undergoes similar ring-closure, it certainly is not facile, and, in 
fact, has not been achieved. 

The glycol (III, R=H) from methyl §8’-diphenyladipate-a affords (IV, R = H), on 
heating with hydriodic acid, with great readiness and at a lower temperature than was 
required in the first example. 


The constitution of the products (IV) was proved by selenium dehydrogenation, whereby 
substituted chrysenes were obtained. 


5 : 14-Dimethoxy-2 : 11-dimethylchrysene (V, R = OMe) so produced from (IV, R= 
OMe) was synthesised by the action of methylmagnesium iodide on 2: 11-diketo-5 : 14- 


HO, 


| co 
ON CHCeHyOMe = — Meo \CH-C,HyOMe 
e 


CH, MeO Ws:6 
oft, CH, 


(VI.) (VII) 
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dimethoxy-1 :2:9:10: 11: 18-hexahydrochrysene-a (Ramage and Robinson, Joc. cit.). The 
decahydrochrysene derivative that should be produced undergoes oxidation in the 
process. The selenium dehydrogenation of (IV, R = H) affords 2 : 11-dimethylchrysene 
(V, R = H) (Part IV; Lewis, Ramage, and Robinson, J., 1935, 1414). 

The methods of Richardson, Robinson, and Seijo (loc. cit.) were applied to the 
preparation of «a-anisyl-B-veratrylpropionic acid (V1) from anisylideneacetoveratrone 
(4: 3’ : 4’-trimethoxychalkone). This acid was easily dehydrated to the «-tetralone (VII) 
by quite short treatment with boiling phosphoryl chloride. The ketone has been reduced, 
and the resulting «-tetralol dehydrated; it has also been converted into 6 : 7-dimethoxy- 
2-anisyl-1-allyl-3 : 4-dthydronaphthalene (VIII), a possible intermediate for construction of 
the chrysene ring. 


0,H 
CH,:CH-CH, One i, tes 


«\/* we: 
ny % \ 
CH, oo 


(VIII.) (IX.) 


The Reformatzky reaction with (VII) and ethyl bromoacetate affords a yellow substance 
(below), m. p. 230—234°, and, after hydrolysis, 6 : 7-dimethoxy-2-anisyl-3 : 4-dihydro-1- 
naphthylacetic acid (IX). The bromine-sodium carbonate test indicates the A®’-structure 
(cf. Robinson and Young, Joc. cit., for a similar observation in a closely related case). 

The dihydro-derivative of (IX) was dehydrated to (X) by means of phosphoric oxide 
in boiling moist benzene solution. The reduction of this ketone gave an anomalous 
result. Another series, starting from veratrylidene-m-methoxyacetophenone (3 : 4 : 3'-tri- 
methoxychalkone), has been taken as far as 1-keto-6 : 3’ : 4'-trimethoxy-2-phenyl-1 : 2:3: 4- 
tetrahydronaphthalene (X1). 

Shortly after this work had been completed Newman (J. Amer. Chem. Soc., 1938, 60, 
2947) published an account of this chrysene synthesis in the simplest case. He has 
apparently overlooked the papers of Robinson and Young and Richardson, Robinson, 
and Seijo (loc. cit.). The yellow by-product, m. p. 230—234°, mentioned above, is regarded 
as the lactone (XII). It gives a red ferric reaction, can be O-methylated (product, ferric 
negative), and on heating loses carbon dioxide with formation of an unsaturated ketone 
(XIII). The latter can be catalytically reduced to a dihydro-derivative. 


CH-COMe 


H-C,H,-OMe 


"CoH, | CH, 


(XI1.) A (XIIT.) 


EXPERIMENTAL. 


Ethyl 4 : 4'-Dimethoxydesylacetate (1).—Deoxyanisoin (25-6 g.) and then ethyl bromoacetate 
(33-4 g.) were added to a solution of sodium (4-6 g.) in alcohol (80 c.c.) and the mixture was 
refluxed for 5 hours. The same quantities of alcoholic sodium ethoxide and ethyl bromoacetate 
were added as before, and the boiling continued for a further 24 hours. The product was 
isolated in the usual manner and distilled; the first fraction consisted of deoxyanisoin, followed 
by a very viscous oil, b. p. 220—225°/0-14 mm. On dilution of the oil with ether, deoxyanisoin 
separated and was collected, the process being repeated after keeping for 24 hours at —10°. 
The oil was redistilled (15 g.) (Found: C, 70-4; H, 6-4. C,gH,,O, requires C, 70-2; H, 6-4%). 





578 Golberg and Robinson: Experiments on the Synthesis of 


4: 4'-Dimethoxydesylacetic Acid.—A mixture of the ester (5 g.), potassium hydroxide (10 g.), 
water (10 c.c.), and methyl alcohol (20 c.c.) was boiled for 3 hours. The solution was diluted ; 
a crystalline potassium salt was then deposited. The acid was obtained as an oil, which 
crystallised from benzene, forming thick, colourless prisms (3-8 g.), m. p. 103—106°, 110° after 
recrystallisation (Found : C, 68-6; H, 5-6. C,,H,,0, requires C, 68:8; H, 5-7%). 

The same acid, together with anisic acid, was isolated from the oily mixture resulting from 
the oxidation of allyldeoxyanisoin by potassium permanganate in acetone solution. 

B-Hydroxy-By-dianisyladipolactone (II).—A crystal of iodine was added to a mixture of 
ethyl dimethoxydesylacetate (15 g.), ethyl bromoacetate (22 g.), zinc (8-6 g.), and benzene 
(100 c.c.); on heating, a gentle reaction set in. After refluxing for 3 hours, the mixture was 
decomposed with water and dilute hydrochloric acid; the benzene solution yielded a brown 
oil. This was hydrolysed by a boiling solution of potassium hydroxide (20 g.) in methyl alcohol 
(40 c.c.) and water (20 c.c.) for 3 hours. The lactone, isolated in the usual manner, crystallised 
from benzene in small prisms, m. p. 186° (decomp.) (Found: C, 67:3; H, 5:7. CygH. 0, 
requires C, 67-4; H, 56%). 

5 : 14-Dimethoxy-2 : 2:11: 11-tetvamethyl-1 : 2: 9:10:11: 18-hexahydrochrysene-a (IV, R = 
OMe).—A solution of 4: 5-dianisyl-2 : 7-dimethyloctane-2 : 7-diol-a (III, R = OMe) (Dodds, 
Golberg, Lawson, and Robinson, Joc. cit.) (2 g.) in acetic acid (5 c.c.) was mixed with hydriodic 
acid (25 c.c., d 1-7) and heated at 150° until a solid cake appeared on the surface of the liquid. 
The mixture was cooled and diluted, and the solid collected and dissolved in chloroform. The 
solution was washed with water, freed from iodine, and concentrated; on addition of light 
petroleum, thick prisms were deposited. Repeated crystallisation gave colourless prisms 
(1-6 g.), m. p. 219° (Found: C, 82-3; H, 8-9. C,,H3 90, requires C, 82-3; H, 8-6%). The 
product was neutral, saturated, and resistant to hydrogenation in the presence of a platinic 
oxide catalyst. On boiling with nitric acid (d 1-5) and acetic acid, a mixture of compounds 
resulted, but no picric acid was formed. This was a clear indication of C-substitution in the 
m-position to methoxyl. 

5 : 14-Dimethoxy-2 : 11-dimethylchrysene (V, R = OMe).—The above hexahydrochrysene 
(2 g.) was heated with selenium powder (1 g.) in a current of nitrogen at 295—300° for 24 hours, 
with the addition of selenium (1 g.) at intervals of 6 hours. The cooled mass was extracted 
with boiling ether, and the filtered ethereal extract boiled for 4 hour with sodium foil, filtered, 
and evaporated. The residue partly solidified on trituration with alcohol and the solid was 
collected and crystallised from chloroform—light petroleum (b. p. 40—60°); it had m. p. 214— 
216° (unchanged material). The mother-liquor was gently heated and mixed with picric acid ; 
on cooling, it deposited a red, crystalline picrate. This was recrystallised twice from alcoholic 
picric acid and formed ruby-red, elongated prisms, m. p. 190° (after sintering at 169—171°) 
(Found : N, 7-7. C,,H,»0,,C,H,O,N; requires N, 8-0%). 

The picrate (0-3 g.) was shaken with aqueous sodium hydroxide and the solid which 
separated was collected, washed with alkali and water, and dried. It separated from benzene 
in long, slender prisms, m. p. 188—190°, and 199° after recrystallisation and sublimation in a 
vacuum (Found: C, 82-1; H, 6-8. C,,H,., O, requires C, 82-3; H, 6-8%). 

The same compound was obtained when 2 : 11-diketo-5 : 14-dimethoxy-1 : 2:9: 10:11: 18- 
hexahydrochrysene-a (3 g.) (Ramage and Robinson, Joc. cit.) was added slowly to a Grignard 
solution, prepared from methyl iodide (9-2 g.) and magnesium (1-5 g.) in ether (25 c.c.), to 
which dry benzene (50 c.c.) had been added. The mixture was boiled for 24 hours and 
decomposed with ice, and the benzene layer decanted, washed, dried, and evaporated. The 
pale yellow residue crystallised from benzene in prisms (0-3 g.), m. p. 199°, mixed m. p. with 
above specimen, 199°. Unchanged starting material (2 g.) was recovered from the mother- 
liquors. 

4 : 5-Diphenyl-2 : 1-dimethyloctane-2 : 7-diol-a (III, R = H).—The Grignard reaction was 
carried out in the usual manner, methyl 68’-diphenyladipate-a(meso) (7 g.) (Oommen and Vogel, 
loc. cit.) being aided with stirring to a solution of a Grignard reagent made from methyl iodide 
(30-5 g.) and magnesium (5-2 g.) in ether (250 c.c.). The glycol crystallised from chloroform- 
light petroleum in colourless prisms (5-6 g.), m. p. 125° (Found: C, 80-8; H, 9-2. C,,H;,0, 
requires C, 81:0; H, 9-2%). 

2:2: 11: 11-Tetramethyl-1: 2:9: 10:11: 18-hexahydrochrysene-a (IV, R = H).—The cyclis- 
ation was carried out as above, with the diol (5 g.) in acetic acid (12-5 c.c.) and hydriodic acid 
(30 c.c.). When the temperature reached 90°, a solid cake separated. Purification of the 
product as before gave a substance which crystallised from chloroform-light petroleum in long, 
slender prisms, m. p. 173° (Found: C, 91-0; H, 9-0. C,,H,, requires C, 91:0; H, 9-0%). 
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2 : 11-Dimethylchrysene.—Dehydrogenation was carried out with selenium as before; the 
hydrochrysene proved more resistant in this case to dehydrogenation and was heated at 
315—320° for 34 hours. A crystalline sublimate was formed, which, together with the product 
isolated from the reaction mixture, was crystallised from ethyl acetate and had m. p. 220— 
228°. After two further recrystallisations it was still reddish in tinge and had m. p. 236—237°. 
It was sublimed in a vacuum; the colourless sublimate, crystallised from benzene, had m. p. 
238°, alone or mixed with authentic 2: 11-dimethylchrysene (Found: C, 93-5; H, 6-3. Calc. 
for CogH,,: C, 93°75; H, 625%). The reddish-orange s-trinitrobenzene compound formed 
needles, m. p. 222° alone or mixed with an authentic specimen. 

4 : 5-Dianisyl-2 : 7-dimethyloctane-2 : 7-diol-b (III, R = OMe).—This was prepared from 
methyl dianisyladipate-b (Ramage and Robinson, Joc. cit.) in the usual manner. It was a 
brown, viscous oil solidifying on trituration and warming with light petroleum (b. p. 40—60°). 
It crystallised from benzene-light petroleum in small prisms, m. p. 120° (mixed with diol-a, 
m. p. 85—110°) (Found: C, 74-7; H, 8-8. C,,H,,O, requires C, 74-6; H, 8-8%). 

4: 3’ : 4'-Trimethoxychalkone.—This compound has been described by Tasaki (Acta phyto- 
chim., 1927, 3, 259), who gives m. p. 137—138°, and by Kuroda and Matsukuma (Sci. Papers 
Inst. Phys. Chem. Res., 1932, 18, 51), who number it as 3:4: 4’- and give m. p. 80—81°. 
Kauffmann and Kieser (Ber., 1913, 46, 3798) report m. p. 90°. The chalkone was prepared as 
follows: A solution of acetoveratrone (120 g.) and anisaldehyde (90-7 g.) in alcohol (500 c.c.) 
was shaken for a few minutes with aqueous sodium hydroxide (100 c.c. of 10%) and kept 
overnight at room temperature. The yellow crystalline mass which separated was collected, 
washed with water and a little alcohol, and recrystallised from dilute alcohol, forming thick 
prisms, m. p. 80°. Dilution of the mother-liquor gave a further quantity (total yield, 190 g.). 

y-Keto-a-cyano-a-anisyl-y-3 : 4-dimethoxyphenylpropane.—A solution of the chalkone (100 g.) 
in methyl alcohol (350 c.c.) was heated to boiling, and sodium cyanide (47-1 g.) added, together 
with three drops of a solution of phenolphthalein. The mixture was boiled for 20 minutes, a 
solution of acetic acid (20 g.) in water (100 c.c.) being added dropwise at a rate such that the 
mixture remained faintly pink. After 30 minutes, the solution was poured on ice; the white 
solid that separated crystallised from acetone in colourless prisms (90 g.), m. p. 112—114° 
(Found: C, 70-3; H, 5-9; N, 4:3. C,H,,O,N requires C, 70-2; H, 5-9; N, 43%). A 
further quantity (10 g.) of pure product was isolated from the mother-liquors of the first 
crystallisation. 

8-Veratroyl-a-anisylpropionamide.—The above nitrile (85 g.) was suspended in acetic acid 
(400 c.c.), and concentrated-sulphuric acid (80 c.c.) added slowly, with constant shaking, a 
dark claret-red colour being produced. After keeping for 15 minutes, the mixture was poured 
on ice (2 kg.). The white solid which separated was taken up in chloroform, and the solution 
washed with aqueous sodium carbonate and water and dried with sodium sulphate. On 
evaporation a solid resulted which crystallised from aqueous alcohol in colourless plates (80 g.), 
m. p. 174—175° (Found: C, 66-7; H, 6-3; N, 4:1. C,.H,,O;N requires C, 66-5; H, 6-1; 
N, 41%). 

8-Veratroyl-a-anisylpropionic Acid.—A solution of the amide (76 g.) in alcohol (250 c.c.) 
was boiled for 10 hours with aqueous sodium hydroxide (750 c.c. of 7%). The solution was 
diluted with an equal volume of water, filtered, and-acidified. The white granular precipitate, 
crystallised from ethyl acetate and then from acetic acid, had m. p. 184—185° (yield, 69 g.) 
(Found : C, 66-7; H, 6-1. Cy gH,.»O, requires C, 66-3; H, 5-8%). 

a-A nisyl-B-veratrylpropionic Acid (V1.)—A mixture of the keto-acid (67 g.), toluene (275 c.c.), 
concentrated hydrochloric acid (350 c.c.), aqueous acetic acid (100 c.c. of 5%), and amalgamated 
zinc (150 g.) -was boiled for 40 hours, with the addition of concentrated hydrochloric acid 
(50 c.c.) every 10 hours. After cooling, the toluene layer was separated, washed with water, 
and extracted with aqueous sodium carbonate. The combined extracts were acidified, a 
milky oil separating. It was extracted with chloroform; on removal of the solvent a yellowish 
oil remained which crystallised from light petroleum in colourless needles (60 g.), m. p. 77—79° 
(Found : C, 69-1; H, 6-7. C,,H,,O, requires C, 69-1; H, 6-7%). 

Methyl ester. The acid (6 g.) was boiled with toluene (50 c.c.), methyl alcohol (25 c.c.), 
and concentrated sulphuric acid (1 c.c.) for 8 hours. Dilution of the reaction mixture was 
followed by removal of the alcohol, cooling, and separation of the toluene layer. It was 
washed with water and aqueous sodium carbonate, and the toluene removed under reduced 
pressure. The product was a viscous oil, b. p. 220—-222°/1 mm., which solidified on keeping. 
It crystallised from light petroleum or aqueous alcohol in elongated prisms (5-7 g.), m. p. 
41—43° (Found: C, 69-9; H, 7-1. C,9H,,O,; requires C, 69-8; H, 7-0%). 
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1-Keto-6 : 7-dimethoxy-2-anisyl-1 : 2:3: 4-tetrahydronaphthalene (VII).—The reduced acid 
(60 g.) was boiled with phosphoryl chloride (150 c.c.) for 5 minutes, cooled, and poured on ice. 
The solid which separated was extracted with chloroform, the extracts washed with aqueous 
sodium carbonate and dried, and the solvent removed. The light brown residue crystallised 
from methyl alcohol or ethyl acetate in colourless prisms (56 g.), m. p. 141—142° (Found: 
C, 73:1; H, 6-5. C,,H,»O, requires C, 73-1; H, 6-4%). 

The p-nitrophenylhydrazone crystallised from acetic acid in orange prisms, m. p. 205—207° 
after drying in a vacuum (Found: C, 67-0; H, 5-6; N, 9-4. C,;H,,;0,;N; requires C, 67-1; 
H, 5-6; N, 9-4%). 

6 : 7-Dimethoxy-2-anisyl-a-tetralol—_The ketone (10 g.) was dissolved in propyl alcohol 
(250 c.c.), and sodium (4 g.) in small pieces added to the boiling solution during 2 hours. 
The mixture was then poured into water and acidified with acetic acid, and the propyl alcohol 
removed under diminished pressure. A reddish oil, isolated by means of ether, distilled as a 
viscous, yellow oil, b. p. 214—215°/0-23 mm. (Found: C, 72-5; H, 7-0. C,,H,.O, requires 
C, 72-6; H, 7-:0%). : 

6 : 7-Dimethoxy-2-anisyl-3 : 4-dihydronaphthalene.—A solution of the tetralol (6-3 g.) in 
pyridine (15 c.c.) was slowly added to an ice-cold solution of phosphorus tribromide (16-5 g.) 
in ether (25 c.c.). After.12 hours the mixture was poured on ice. The product, collected by 
means of ether, crystallised from alcohol or benzene in colourless plates (4 g.), m. p. 155—156° 
(Found: C, 77-2; H, 6-9. Cy gH. O; requires C, 77-0; H, 68%). It was free from bromine 
and was unsaturated. 

6 : 7-Dimethoxy-2-anisyl-1-allyl-3 : 4-dihydronaphthalene.—A mechanically stirred mixture of 
1-keto-6 : 7-dimethoxy-2-anisyl-1 : 2 : 3 : 4-tetrahydronaphthalene (12-5 g.), magnesium (4-9 g.), 
and dry ether (350 c.c.) was boiled, and a little iodine and methyl iodide added. When reaction 
set in, allyl bromide (24-4 g.) in ether (200 c.c.) was added very slowly during 14 hours. Dry 
benzene (50 c.c.) was added, and the mixture stirred and refluxed for 3 hours and then 
decomposed with ice and ammonium chloride. The product isolated from the ethereal layer 
was a brown oil (11 g.), b. p. 207—210°/0-5 mm. It solidified slowly on keeping (Found : 
C, 78-6; H, 7-2. C,,H,,O, requires C, 78-6; H, 7-1%). 

6 : 7-Dimethoxy-2-anisyl-3 : 4-dihydro-1-naphthylacetic Acid (IX).—Ketodimethoxyanisyltetra- 
hydronaphthalene (30-2 g.), ethyl bromoacetate (33-4 g.), and zinc (13-1 g.) were heated together 
in dry benzene (100 c.c.). On activation with iodine, a vigorous reaction set in; when this 
moderated, the mixture was refluxed on the steam-bath for 3 hours. It was decomposed with 
ice and extracted with benzene and ether, and the combined extracts washed with dilute 
sulphuric acid and water and dried. The residue on evaporation of the solvents was triturated 
with ether, and the solid collected (15 g. of recovered ketone). The ether was evaporated 
from the filtrate, and the residue boiled with potassium hydroxide (20 g.) in water (20 c.c.) 
and alcohol (40 c.c.) for 3 hours. On dilution, filtration, and acidification, a brown solid 
separated. This was collected, dried, and on crystallisation from glacial acetic acid afforded 
a yellow substance (15-6 g.). This was extracted thrice with boiling ethyl acetate, the residue 
being a yellow solid (5-3 g.), m. p. 230—-234°. A pale brown substance crystallised from the 
ethyl acetate extracts and on recrystallisation afforded an acid in colourless needles (5-6 g.), 
m. p. 169—171° (Found : C, 71-2; H, 6-1. C,,H,,O, requires C, 71-2; H, 6-2%). 

The acid was unsaturated to permanganate, but gave no turbidity on addition of bromine 
water to a solution in aqueous sodium carbonate. It is therefore probable that the substance 
is a By- rather than an a$-unsaturated acid. 

6 : 7-Dimethoxy-2-anisyl-1 : 2: 3: 4-tetrahydro-1-naphthylacetic Acid.—The unsaturated acid 
(5-6 g.) was dissolved in alcohol (50 c.c.) and shaken at 65° with hydrogen in the presence of 
a palladised strontium carbonate catalyst (2 g. of 2%) for 6 hours. On filtration and concen- 
tration, the saturated acid crystallised in colourless prisms (3-8 g.), m. p. 192—194° (Found : 
C, 70-7; H, 6-7. C,,H,,0O, requires C, 70-8; H, 6-7%). 

A small quantity (0-3 g.) of an acid, m. p. 180—183°, was isolated from the mother-liquors. 
This may be a stereoisomeride. 

2-Keto-5 : 14: 15-trimethoxy-1: 2: 9:10:11: 18-hexahydrochrysene (X).—Phosphoric oxide 
(10 g.) was added gradually with stirring to a boiling solution of the above acid (1-8 g.), m. p. 
192°, in benzene (50 c.c.). The mixture was warmed on the steam-bath for 3 hours, decom- 
posed with ice, and extracted with benzene and ether. A solution of the pale yellow oil, which 
was isolated in the usual manner, in ethyl acetate deposited a colourless, crystalline substance 
on dilution with light petroleum. The solid, recrystallised twice, afforded stout prisms, m. p. 
166—168° (Found: C, 74-3; H, 6-5. C,,H,,O, requires C, 74-6; H, 65%). The ketone gave 
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a semicarbazone which crystallised from chloroform-light petroleum in elongated, rectangular 
prisms, m. p. 220° (Found: N, 10-6. C,,H,,0,N; requires N, 10-6%). 

Attempted Clemmensen Reduction of 2-Keto-5: 14: 15-trimethoxy-1: 2:9: 10:11: 18-hexa- 
hydrochrysene.—The ketone (1 g.) was reduced in the usual manner with zinc amalgam and 
hydrochloric acid. The product solidified and crystallised from benzene or benzene—light 
petroleum; m. p. 193° (Found: C, 76-8, 76-8; H, 6-4, 6-3. C,,H,,O, requires C, 77-8; 
H, 7-4%). 

The substance is neutral, saturated, and not a ketone or alcohol. It is not phenolic and a 
determination of the molecular weight (324, cryoscopic in camphor) shows that the molecule 
has not condensed with itself (C,,.H,,O, requires C, 76-6; H, 64%). Apparently the only 
assumption that can be reconciled with the analytical figures is that chlorination (about 15% 
of 1 Cl) and dehydrogenation have occurred, and in any case, the material cannot be 
homogeneous. 

y-(1-Hydroxy-6 : 7-dimethoxy-2-anisyl-1 : 2: 3: 4-tetrahydro-1\-naphthyl)acetoacetic Acid Lactone 
- (XII).—The yellow crystalline product of m. p. 230—234° (p. 580) was recrystallised from acetic 
acid and from chloroform-light petroleum. It had m. p. 237—-238° and was soluble in alkali, 
forming a colourless solution, from which the yellow compound separated on acidification. 
It gave a red ferric reaction and a beautiful blue fluorescence in chloroform solution (Found : 
C, 69-1; H, 5-6; OMe, 23-1. C,;H,,O, requires C, 69-7; H, 6-1; OMe, 23-5%). A little 
halogen-containing material was found to be present, but could not be eliminated. 

The p-nitrophenylhydrazone crystallised from acetic acid in red needies, m. P. 203—205° 
(Found : N, 7-8. C,gH,,O,N; requires N, 7- 9%). 

A solution of the yellow compound (3 g.) in hot aqueous sodium hydroxide (20 c.c. of 10%) 
was cooled, and methyl sulphate (2-5 c.c.).added in small quantities with shaking; a pale 
yellow solid separated. The mixture was shaken with chloroform, the extract dried and 
concentrated, and light petroleum added. The pale yellow solid which separated was collected 
and crystallised several times in the same way. The methyl ether thus obtained formed 
colourless square platelets, m. p. 209—210° (Found: C, 71-0; H, 6-3; OMe, 29-7. C,,H,,O, 
requires C, 71-2; H, 6-3; OMe, 30-2%). The substance no longer gave a ferric reaction. 
Unchanged material (0-6 g.) was recovered from the original alkaline solution. 

6 : 7-Dimethoxy-2-anisyl-1-acetonylidene-1 : 2: 3: 4-tetrahydronaphthalene (XIII).—The yellow 
compound (2 g.) was heated in an oil-bath at 250° for 1 hour. A rapid evolution of carbon 
dioxide occurred; when this ceased, the substance was distilled as a yellow oil (1-3 g.), b. p. 
235—240°/0-3 mm., which solidified on cooling. It crystallised from alcohol in colourless, 
hexagonal plates possessing a faint greenish sheen, m. p. 214—215°, was highly unsaturated, 
and gave no ferric reaction (Found : C, 75-1; H, 6-7. C,,H,,O, requires C, 75-0; H, 6-8%). 

The 2: 4-dinitrophenylhydrazone crystallised from alcohol in red, elongated prisms, m. p. 
228—230° (Found: N, 10-8. C,,H,,0,N, requires N, 10-5%). 

6 : 7-Dimethoxy-2-anisyl-1-acetonyl-1 : 2 : 3 : 4-tetrahydronaphthalene.—A solution of the un- 
saturated ketone (0-2 g.) in ethyl alcohol (50 c.c.) was shaken with hydrogen in presence of 
palladised strontium carbonate (2 g. of 2%) for 2 hours. On filtering and concentrating the 
solution an oil separated which solidified on keeping. It crystallised from methyl] alcohol (norit) 
in colourless prisms (0-15 g.), m. p. 142—145° (Found: C, 74-6; H, 7:3. C,,H,,O, requires 
C, 74-6; H, 7-3%). 

3:4: 3’-Trimethoxychalkone.—A solution of m-methoxyacetophenone (30 g.), veratraldehyde 
(33-3 g.), and sodium hydroxide (30 c.c. of 10%) in alcohol (150 c.c.), on keeping for several 
days, deposited a greenish-yellow crystalline crust. This was recrystallised several times 
from aqueous alcohol, forming prisms (30 g.), m. p. 66—68° (Found: C, 72-8; H, 6-1. 
C,,H,,0, requires C, 72-5; H, 60%). 

B-m-Methoxybenzoyl-a-3 : 4-dimethoxyphenylpropionitrile—The chalkone (15 g.) in methyl 
alcohol (50 c.c.) was converted into the nitrile by means of sodium cyanide (7-1 g.) in the 
manner described above. The product crystallised from acetone and was washed with alcohol. 
It formed colourless prismatic needles, m. p. 98—99° (Found: C, 70-2; H, 5-9; N, 4-4. 
C,,H,,0,N requires C, 70-2; H, 5-9; N, 4:3%). 

6-m-Methoxybenzoyl-a-3 : 4-dimethoxyphenylpropionamide.—The nitrile (12-5 g.) was hydro- 
lysed to the amide by means of acetic acid (62-5 c.c.) and sulphuric _ (12-5 c.c.) under the 
usual conditions. The product crystallised from alcohol in needles, m.'p. 177—178° (Found : 
C, 66-6; H, 6-2; N, 4-2. C,.H,,O,N requires C, 66-5; H, 6-1; N, 4-194). 

y-m-Methoxyphenyl-a-3 : 4-dimethoxyphenylbutyric Acid.—The amide (9-8 g.) was hydrolysed 
to the keto-acid, and the latter reduced directly by means of toluene (40 c.c.), concentrated 
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hydrochloric acid (50 c.c.), acetic acid (20 c.c. of 5%), and amalgamated zinc (25 g.). 
The product was an oil which could not be crystallised. It was esterified with methyl 
alcohol, sulphuric acid and toluene, as described above (p. 579). The methyl ester, b. p.. 
210—213°/0-8 mm., solidified on keeping and crystallised from light petroleum or dilute 
methyl alcohol in small, colourless needles, m. p. 64—65° (Found: C, 69-8; H, 6-9. Cy 9H,,O, 
requires C, 69-8; H, 7-:0%). 

On hydrolysis, the ester yielded an oil which solidified overnight and crystallised from 
light petroleum in prisms, m. p. 78° (Found: C, 69-1; H, 6-7. C,,H,,0O, requires C, 69-1; 
H, 6-7%). 

1-Keto-6 : 3’ : 4'-trimethoxy-2-phenyl-1 : 2: 3: 4-tetrahydronaphthalene (X1).—The acid was 
cyclised by means of phosphoryl chloride in the usual manner, yielding a red oil. This 
solidified on trituration with alcohol and was twice crystallised from ethyl acetate. It formed 
colourless, rectangular plates, m. p. 145—146° (Found: C, 73-1; H, 6-4. CygH,»O, requires 
C, 73-1; H, 64%). 
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104. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXXVIII. Ethyl cycloHexane-1 : 4-dione-2-carboxylate and 
Other Intermediates. 


By Str RoBerT Rosinson and E. SErjo. 


For several reasons a convenient synthesis of 2-keto-1 : 2 : 3 : 4-tetrahydrophenan- 
threnes and 2-keto-1 : 2: 3:4:9:10:11,.: 12-octahydrophenanthrenes is required and 
one route would be to follow the method of Part III (J., 1935, 1288), replacing the 
dihydroresorcinol moiety of the molecule by cyclohexane-1: 4-dione. Attempts to_ 
introduce one $-arylethyl group into succinosuccinic ester were fruitless and there- 
fore the substance (I) named in the title has been synthesised in the hope that it 
may prove more amenable to substitution processes. 


CO CH, CH, 


Pl, Pt ® _ 
CH, ‘CH-CO,Et CH, ‘CMe-CO,Me CH, CHMe 
CH, CH, CO  C-CH,*CH,*CO,Me CO C-CH,*CH,*CO,H 
\Z ~~ (A 
co CH C 
(I.) (II.) (III.) 


Condensation of methyl @-keto-«-methyladipate with 8-diethylaminobutan-f-one 
methiodide under the influence of sodium methoxide in pyridine solution afforded 
the estey (II) in small yield, but under slightly different conditions the product 
corresponded in composition to the acid (III). 


As already explained, we hope to extend the method of du Feu, McQuillin, and Robinson 
(J., 1937, 53) to 1-substituted 5-keto-8-methylhydrindanones, but have experienced diffi- 
culties in attempts to acquire suitable intermediates. An obvious alternative is to 
include the cyclopentanone ring, not as such, but as the equivalent adipic acid structure. 
The unsaturated ‘keto-ester (II) fulfils all requirements and would be a highly valuable 
starting point, but up to the present we have only succeeded in preparing it in about 8% 
yield and this is inadequate for the purpose in view. Although we have already covered 
a wide range of conditions, further attempts will be made to secure at least enough material 
to investigate the didection of condensation of its dihydro-derivative with «-diethyl- 
aminopentan-y-one methiodide. 

The Dieckmann ring-closure of y-ketopimelic ester succeeded only when the keto- 
group was protected and we believe that ethyl cyclohexane-1 : 4-dione-2-carboxylate (I) 
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should prove a useful intermediate for several purposes. It is evident from preliminary 
work that the substance can be alkylated, but the ‘best conditions have not yet been 
ascertained. The availability of y-ketopimelic acid induced us to explore another line. 
Condensation of its ester with formaldehyde affords the lactone (IV), which is equivalent 
to a methylene ketone. It might condense with ethyl sodioacetoacetate, either through its 
carbonyl group or to give in the first instance the substance (V). 


CH; —9 (H,°CH(COMe):CO,Et 
CO,Et-CH,°CH,°CO-CH’CH,-CO CO,Et’CH,°CH,°CO-CH’CH,°CO,H 
(IV.) (V.) 
If this 1 : 5-diketone suffered cyclodehydration between the carbonyl of the pimelic acid 
chain and the methyl of the acetoacetate, the product would have been useful. A sub- 
stance of the anticipated composition was obtained, but the resistance, to elimination 
by hydrolysis, offered by the carbethoxyl group of the acetoacetic ester component showed 


that the ring-closure went in the other possible direction, and the product, after esteri- 
fication, was probably (VI). 


CH, CO,Et 


Me co Ce 
ere CH-CH,’CO,Et O-[CH,],"CO,Me 


H 
(VI.) (VII.) (VIII.) ° 


The direction of condensation of cyclohexanone with methyl glutarate differs from 
that with methyl succinate. In the former case a 8-diketone (VII) isqproduced and this is 
converted by sulphuric acid into the enol-lactone (VIII). Our interest in the topic arose 
from the possibility of cyclodehydration of (VII) to a naphthalene derivative, but this 
has not been realised. Thinking that the hydrindane structure might be more readily 

CH(CO.Me)*CH produced in a similar fashion, we tried to prepare the lower 
( e) homologue of (VII) by the use of methyl succinate. The product 


? vitecsmmcanedl had the expected composition, appeared to solidify rather com- 

(IX.) pletely, and gave an intense ferric reaction. ~ The purified solid, 

however, was not a 8-diketone and on hydrolysis afforded cyclo- 

hexylidenesuccinic acid. The diketone must be formed in small relative amount, but the 

main product in view of its neutrality and composition is the paraconic ester (IX) (cf. 

Stobbe, J. pr. Chem., 1914, 89, 329, 341, for the condensation of cyclopentanone and 
active 3-methylcyclohexanone with ethyl succinate). 


EXPERIMENTAL. 


Ethyl cycloHexane-1 : 4-dione-2-carboxylate (I).—A mixture of ethyl y-ketopimelate (46 g.) 
(Marckwald, Ber., 1887, 20, 2813; Volhard, Amnnalen, 1889, 253, 235), ethyl orthoformate 
(32 g.), and acetyl chloride (2 c.c.) was kept for 12 hours, refluxed for 1 hour, and evaporated 
on the steam-bath under diminished pressure. The resulting keto-acetal could not be dis- 
tilled without decomposition. It was dissolved in ether (50 c.c.), and dry sodium ethoxide 
(4-6 g. of sodium) gradually added with cooling and shaking; after 24 hours, ether and ice- 
cold dilute hydrochloric acid were added. The oil (32 g.) obtained from the ethereal layer had 
b. p. 119—125°/0-5 mm. and solidified on keeping. Analysis showed it to be a mixture of 
acetal and ketone (Found: C, 59-7; H, 7°3%). On shaking with water, isolation, and redis- 
tillation a colourless oil (25 g.), b. p. 116—120°/0-5 mm., was obtained and this did not crystallise 
(Found: C, 58-7; H, 7-0. C,H,,0, requires C, 58-7; H, 66%). The substance gives an 
intense purple coloration with ferric chloride in alcoholic solution. 

Alkylation experiments are still in progress. When $-phenylethyl bromide and alcoholic 
potassium ethoxide were used, a product, b. p. 175—185°/0-7 mm., was obtained (Found : 
C, 71-6; H, 7-0. C,,H, 0, requires C, 70-8; H, 7-°0%). On hydrolysis this gave an acid 
forming colourless needles, m. p. 129—130° (1% low in carbon; equiv., 135). The methyl 
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ester did not crystallise but afforded a 2 : 4-dinitrophenylhydrazone, which formed thick yellow 
prisms, m. p. 113—114°, from methyl alcohol (Found: N, 11-4. C,;H,,O,N, requires N, 
11-3%). Methylation yielded a product of comparable b. p. which gave a very feeble ferric 
reaction. 

Hydrolysis. The keto-ester (10 g.) was heated in an autoclave with water (30 c.c.) at 
190° for 8 hours. The filtered aqueous solution was saturated with ammonium sulphate 
and extracted with chloroform. The solid residue (4-5 g.), after evaporation of the solvent, 
was sublimed and afforded the pure 1: 4-cyclohexanedione. It crystallised from benzene— 
light petroleum in long, colourless needles, m. p. 77—78° (Found: C, 64:5; H, 7-3. Calc. 
for C,5H,O,: C, 64:3; H, 7-1%). 

8-(8’-Carbethoxypropionyl)butyrolactone (IV).—A mixture of ethyl y-ketopimelate (46 g.), 
paraformaldehyde (15 g.), concentrated hydrochloric acid (140 c.c.), and water (60 c.c.) was 
kept for 12 hours and then heated on the steam-bath for 8 hours. Evaporation under dimin- 
ished pressure left a brown syrup, which was esterified by boiling with alcoholic sulphuric 
acid, On distillation ethyl ketopimelate (14 g., b. p. 140—150°/0-5 mm.) was recovered, 
followed by a fraction, b. p. 178—190°/0-5 mm.; redistilled, b. p. 179—183°/0-5 mm. (16 g.) 
(Found: C, 55-3, 55-7; H, 6-7, 6-8. C,9H,,O, requires C, 56-0; H, 6-5%). A much higher 
boiling fraction (decomp.) was not investigated. 

The semicarbazone crystallised from aqueous alcohol in small colourless prisms, m. p. 171— 
173° (Found: N, 15-8. C,,H,,0;N; requires N, 15-5%). 

The 2: 4-dinitrophenylhydrazone showed little tendency to crystallise but was eventually 
obtained in yellow needles, m. p. 148—152°, frcm ethyl acetate (Found: N, 14-5. C,.H,,0,N, 
requires N, 14-2%). When methyl-alcoholic sulphuric acid was used for the esterification, 
the product had b. p. 166—170°/0-7 mm. 

Ethyl 4-Carbethoxy-3-methyl-A*-cyclohexen-1-one-2 : 6-diacetate (VI).—A mixture of carb- 
ethoxypropionylbutyrolactone (21-4 g.), ethyl acetoacetate (15 g.), and alcoholic sodium 
ethoxide (2-4 g. of sodium in 50 c.c.) was refluxed for 24 hours. The product, isolated in the 
known manner, was a hygroscopic mass that could not be distilled. It was hydrolysed by boil- 
ing with concentrated hydrochloric acid for 4 hours, the solution evaporated under diminished 
pressure, and the residue esterified with alcoholic sulphuric acid. On distillation two main 
fractions were obtained : (i) a colourless liquid, b. p. 145—180°/0-2 mm., with a marked odour 
of cyclohexanone type. Redistillation gave (a) a colourless mobile liquid, b. p. 150—151°/0-2 
mm., possessing an intense odour (Found: C, 62-2; H, 7-7%), (6) a colourless liquid with a 
faint odour, b. p. 155—156°/0-2 mm. (Found: C, 62-0; H, 7-6%), (c) a yellowish liquid with 
a faint odour, b. p. 161—163°/0-2 mm. (Found: C, 61-6; H, 7-5%). 

The second main fraction (ii) was a thick, yellowish oil, b. p. 180—199°/0-2 mm. Redis- 
tilled, it had b. p. 189—191°/0-15 mm. (Found: C, 61-0; H, 7-2. C,,H,,O0, requires C, 61-0; 
H, 7:3%). There was a considerable undistillable residue. It is clear from the b. p.’s of the 
products that condensation has occurred and from the analyses that the three carbethoxyl 
groups of the components are intact. The linking of ethyl acetoacetate and ethyl ketopimelate 
by means of one methylene group gives C,,H,,0, and therefore we have assumed cyclodehydr- 
ation in such a manner as to explain the retention of the carbethoxyl group of the ethyl aceto- 
acetate. Various combinations of condensations and elimination of groups such as carb- 
ethoxyl, ethyl, and acetyl fail to supply an alternative explanation. The lower-boiling com- 
ponent may, however, be derived from C,,H,,0, by loss of an acetyl group and dehydration 
(C,gsH,O, requires C, 61-5; H, 7:7%). A structure conforming with this hypothesis is, for 
example, ethyl y-carboxymethylene-f-methylenepimelate, or an isomeride with a different 
position of one of the double bonds. 

8-(8’-Carboxyethyl)butyrolactone.—The lactone of :y-hydroxypimelic acid has been obtained 
by Willstatter (Ber., 1898, 31, 1551) from piperylenedicarboxylic acid and by Leuchs and 
Nagel (Ber., 1922, 55, 3950) by malonic ester synthesis from §-chloro-y-valerolactone. It does 
not appear to have been made by the simpler direct method. 

Sodium amalgam (200 g. of 2%) was gradually added to y-ketopimelic acid (4 g.) and 
water (30 c.c.). When the evolution of hydrogen ceased, the solution was acidified with 
hydrochloric acid and concentrated under diminished pressure until salt separated; it was _ 
then extracted with chloroform. The residue after removal of the solvent was crystallised 
from benzene, giving 2 g. of m. p. 79—82° (Found: C, 53-4; H, 6-4. a. for C,H,,.0,: 
C, 53-2; H, 63%). 

Methyl 8 : 2-Diketo-8-cyclohexylvalerate (VII).—The following experiment was carried out 
by Dr. F. Litvan. A vigorous reaction occurred between cyclohexanone (25 g.), methyl glutarate 
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(32 g.), and sodium powder (7-8 g.) in ice-cold benzene (50 c.c.). After 3 hours in the cooling 
bath, the mixture was kept for 18 hours at room temperature and finally refluxed for 2 hours. 
Water, dilute acid, and ether were added, and the product isolated from the ethereal solution. 
After a fraction, b. p. 138—160°/2 mm., the main product distilled at 160—170°/2 mm. (14-8 g. 
of a thick yellow oil); redistilled, b. p. 132—143°/0-2 mm., u}~* 1-4900 (11-8 g.) (Found: C, 
63-2; H, 8-1. C,,H,,0, requires C, 63-7; H, 7-°9%). The diketone gave a purple coloration 
with alcoholic ferric chloride. The condensation product with 2: 4-dinitrophenylhydrazine 
crystallised from toluene in orange-yellow needles, m. p. 242°, raised to 247° by recrystallisation 
from dioxan (Found: N, 21-4, 21-5 in a specimen carefully freed from dinitrophenylhydrazine. 
The theory for the bisdinitrophenylhydrazone is N, 19-4%). The action of sulphuric acid on 
the diketone at — 10° gave a neutral substance, b. p. 184—144°/0-27 mm., n}* 1-4990. The 
2 : 4-dinitrophenylhydrazone had m. p. 189° (Found: N, 14-5%). 

Enol Lactone of 8 : 2-Diketo-8-eyclohexylvaleric Acid (VIII).—The preliminary observation 
last mentioned was reinvestigated in order to determine whether ring-closure to a naphthalene 
derivative had occurred. Methyl diketocyclohexylvalerate (10 g.) was slowly added to con- 
centrated sulphuric acid (15 c.c.) cooled in ice. After 15 minutes the solution was gently 
heated on the steam-bath until a faint odour of sulphur dioxide was perceptible. The mixture 
was cooled and added to ice, and the neutral product isolated by means of ether. It was 
obtained as a colourless liquid (4 g.), b. p. 120—123°/0-1 mm. (Found: C, 67-5, 67-6; H, 7-5, 
7-2. C,,H,,0; requires C, 68-0; H, 7-2%). This substance gave a reddish-brown coloration 
with alcoholic ferric chloride. On boiling with aqueous sodium hydroxide it gave cyclohexanone 
as one of the products of hydrolysis. 

Condensation of cycloHexanone with Methyl Succinate-—This was carried out in ice-cold 
methyl-alcoholic solution by the use of equimolecular proportions of the components and of 
sodium methoxide. After 2 days the mixture was acidified, and the product isolated by means 
. of ether. Although it was certainly a mixture, a large part of the viscid, dark-coloured oil 
crystallised. On distillation it was obtained as a colourless, viscid liquid, b. p. 145—150°/0-5 
mm. (145°/0-5 mm. on redistillation), that slowly solidified (Found: C, 62-4; H, 7-4. C,,H,,0, 
requires C, 62-3; H, 7-6%). The crystals, freed from oil, separated from light petroleum 
(b. p. 60—80°) in colourless needles, m. p. 73-5—74-5°. The crystallised product gave no 
ferric reaction but the distilled material, never quite free from oil, gave an intense purple 
coloration with alcoholic ferric chloride. We consider that the distilled material contains 
methyl y : 2-diketo~y-cyclohexylbutyrate (analogous $-diketone to that obtained from methyl 
glutarate) and that the solid part is the isomeric methyl pentamethyleneparaconate (IX). This 
is the y-lactone corresponding to the unsaturated acid, methyl hydrogen cyclohexylidene- 
succinate. 

When the alcoholic solution of the distilled product, containing a drop of ferric chloride, 
was kept, crystals separated. The substance crystallised from light petroleum in colourless 
needles, m. p. 99—101° (Found: C, 62-6; H, 7-3%). The titration (equiv., 196) of a very 
small specimen showed this to be the above-mentioned monocarboxylic acid. Hydrolysis of 
the distilled product with aqueous sodium hydroxide or cold concentrated hydrochloric acid 
afforded cyclohexylidenesuccinic acid in colourless prisms, m. p. 186—187° (Found: C, 60-6; 
H, 7-1. CygH,,O, requires C, 60-6; H, 7:1%). The equivalent (96) showed the acid to be 
dibasic (calc., 99). All the substances mentioned in this section afforded cyclohexanone on 
oxidation with alkaline permanganate. Before the real direction of the condensation was 
understood, attempts were made to convert the product into a lactone analogous to (VIII), 
but without success. 

Condensation of Methyl 8-Keto-a-methyladipate with 8-Diethylaminobutan-B-one Methiodide.— 
Bardhan’s method (J., 1936, 1848) for the preparation of methyl $-ketoadipate was adapted 
by the use of methyl sodio-a-acetylpropionate. The condensation of the latter with B-carbo- 
methoxypropionyl chloride in ethereal solution gave a 60—65% yield of methyl $-keto-a- 
acetyl-a-methyladipate (b. p. 135—137°/0-5 mm.). Hydrolysis with dry ammonia in ether 
gave an excellent yield of methyl 6-keto-«-methyladipate, b. p. 106—108°/0-3 mm. 

Methyl ketomethyladipate (20-2 g.) and then (slowly) diethylaminobutanone methiodide 
(28 g.) in pyridine (20 c.c.) were added to an ice-cooled solution of anhydrous sodium meth- 
oxide (2-5 g. of sodium) in pyridine (30 c.c.). After 2 hours in the cooling bath, the mixture 
was gently heated on the steam-bath for 2 hours, cooled, and added to ice-cold dilute hydro- 
chloric acid, and the product isolated by means of ether. Fractionation gave unchanged 
keto-ester and 2-5 g. of a pale yellow oil, b. p. 164°/0-3 mm. (Found : C, 61:3; H, 7-3.—C,,;H,,0; 
requires C, 61-4; H, 7-1%). The substance gave no ferric reaction and was doubtless the 
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expected product, namely, 3-8-carbomethoxyethyl-4-carbomethoxy-4-methyl-A?-cyclohexen-1-one 
(II). Many efforts to improve the yield of this important intermediate were made but without 
success. 

When the reaction mixture as above was refluxed for 8 hours, the carbomethoxy-group 
in position 4 was eliminated and the remaining ester group was hydrolysed. The -product 
(2-4 g.) had b. p. 150—155°/0-5 mm. and partly crystallised. The drained solid crystallised 
from light petroleum in colourless, irregular prisms, m. p. 80—83° (Found: C, 65-7; H, 7-6. 
C,9H,,0; requires C, 65-9; H, 7-7%). The substance dissolved to some extent in water and 
was freely soluble in aqueous alkaline solutions. It is probably 3-8-carboxyethyl-4-methyl-A?- 
cyclohexen-1-one (III). 

Attempts to use @-chloroethyl methyl ketone in the above type of process and to prepare 
a Mannich base from the ketoester were abandoned in view of the very poor yields obtained. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 23rd, 1941.) 





105. Hxperiments on the Synthesis of Substances related to the Sterols. 
Part XX XIX. (A) Some Derivatives of Hydrindene. (B) Reduction 
of 1-y-Ketobutyl-2-naphthol. 


By F. J. McQuILLIN and Str ROBERT ROBINSON. 


A. 5: 6-Benzhydrindene (I, R = H) and 3’-methyl-5 : 6-benzhydrindene (I, R = Me) 
have been synthesised as further reference compounds in order to facilitate the deter- 
mination of the constitution of the ketone, C,,;H,,O, described in Part XX (J., 1938, 
1097) as well as that of its lower homologue (II or III) mentioned below. 


QO 


(II.) (IIT.) 


Unfortunately, as already recorded (present authors, loc. cit.), the dehydrogenation 
of C,,H,,O (methyl in the angle) proved very difficult and that of the new ketone, 
C,,H,,O, gave a phenol C,,H,,0. This might be (IV) or (V) and as the work reported 
by Bateman and Robinson (Part X XXIII, this vol., p. 398) opens up a route to (V), 
it is in this direction that the investigation will be continued. 


CH,-CH,-CO-CH, 
O@4:a \/\on | CH,-CH,-CO-CH, 
A\/No 
HO 


WF OO 


(IV.) (V.) (VI.) (VII.) 


B. The preparation of 1~y-ketobutyl-2-naphthol (VI) (Miller and Robinson, J., 
1935, 1535) has been improved. It has been reduced to a sec.-alcohol and also to 
hydroaromatic benzchroman derivatives, but the objective (VII) has not been reached. 
A further development of this subject will, it is hoped, soon be submitted to the Society. 


A. It is known that 9-methyl-3-decalone (Part XIV, J., 1937, 53) condenses with the 
methiodide of 8-diethylaminobutan-f-one to a hydroanthracene derivative, but it is not 
safe to assume that the lower ring-homologous 5-keto-8-methylhydrindane (Part XX) 
will behave in a similar fashion and give the linear 5: 6-benzhydrindene derivative. 
Indeed, Cook and Linstead (J., 1934, 946) showed that cis-5-hydroxyhydrindane (VIII) 
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furnished the acid (IX) on oxidation, and this points to reactivity of the corresponding 
ketone in position 4 rather than in 6. 


CH,-CH,°CO,H 
(VIII.) 
HO a (IX.) 


Accordingly cis-5-ketohydrindane was condensed with a-diethylaminopentan-y-one meth- 
iodide in the presence of sodamide, and the resulting ketone (II or III) treated with selenium. 
No hydrocarbon product could be isolated, but the phenol, C,,H,,0, which was obtained 
is a characteristic substance, and its synthesis will be attempted. Reduction of the 
ketone C,,H,,0 by Clemmensen’s method and subsequent dehydrogenation gave a few 
mg. of a substance, m. p. 38—42°, which may be 3’-methyl-4 : 5-benzhydrindene, m. p. 44° 
(Part XX, loc. cit.), but this important point could not be established before the work 
was interrupted. 

Meanwhile we had prepared one of the hydrocarbons (I, R = Me) which might have 
resulted from the dehydrogenation of the ketone C,,H,,O. Condensation of hydrindene 
and succinic anhydride in the presence of aluminium chloride gave y-keto-y-5-hydrindyl- 
butyric acid (X), which was oxidised to hydrindene-5-carboxylic acid in good yield. On 
reduction of (X) by Clemmensen’s method, y-5-hydrindylbutyric acid was obtained and 
this was cyclodehydrated to (XI). .The hydrocarbons (I, R = H and R = Me) were then 
obtained by Wolff—-Kishner reduction and the action of methylmagnesium iodide, respect- 
ively, followed by dehydrogenation of the products. The structure assumed for (XI) 
is based on numerous analogies indicating the preference for 5 : 6-disubstitution of hydr- 
indene and it is confirmed by the fact that the properties of our 5 : 6-benzhydrindene 
(I, R = H) differ from those reported for 4 : 5-benzhydrindene (Mayer and Sieglitz; Ber., 
1922, 55, 1855; Cook and Hewett, J., 1933, 1098). 


(X.) COgH:[CH,}y'CO/ i H, @ea (X1.) 
VA 


\/ Ha 


B. 1-y-Ketobutyl-2-naphthol (VI) is more readily obtained by. the condensation of 
§-naphthol with methyl @-chloroethyl ketone than with methyl vinyl ketone, in alcoholic 
sodium ethoxide solution. It was hydrogenated in acetic acid solution in the presence 
of Adams’s catalyst to a methyltetrahydrobenzchroman (XII or XIII). This substance 
was resistant to oxidation but could be dehydrogenated to 2-methyl-5 : 6-benzchroman (XIV). 


, CH, 

Me Me HG’ \CHMe 
( XY 
\ Y WF 


(XII.) (XIII.) (XIV.) 


The alcohol corresponding to (VI) could be obtained by an application of the Pondorff 
method and on full catalytic reduction afforded a poor yield of methyldecahydrobenzchroman. 
A further study of this substance will be described in Part XL of this series. 


EXPERIMENTAL. 

y-Keto-y-5-hydrindylbutyric Acid (X).—Hydrindene (29 g.) was added to a cooled mixture 
of nitrobenzene (230 c.c.) and aluminium chloride (66 g.), and succinic anhydride (32 g.) 
gradually introduced with agitation. After 4 days the red mixture was decomposed, and 
nitrobenzene removed by steam-distillation. The product crystallised on cooling and ‘was 
purified by extraction with benzene (Soxhlet). Large, elongated prisms (20 g.) were obtained, 
m. p. 123°, after recrystallisation from benzene-light petroleum (b. p. 60—80°) (Found: C, 
71-3; H, 6-5. C,,H,,O, requires C, 71-5; H, 6-4%). Oxidation by means of alkaline sodium 
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hypochlorite afforded hydrindene-5-carboxylic acid, m. p. 184° alone or mixed with an authentic 
specimen. 

The keto-acid (14 g.) was refluxed for 24 hours with concentrated hydrochloric acid (150 c.c.), 
amalgamated zinc (56 g.), anda layeroftoluene. The last was separated, dried, and evaporated. 
The oily residue of y-5-hydrindylbutyric acid crystallised, but was distilled, b. p. 169—171°/0-8 
mm. (8-7 g.), m. p. 48° (Found: C, 76-6; H, 7-6. C,,;H,,O, requires C, 76-5; H, 7-8%). 

8-Keto-5 : 6: 7 : 8-tetrahydro-2 : 3-cyclopentenonaphthalene (X1).—A mixture of y-5-hydrin- 
dylbutyric acid (6-7 g.), concentrated sulphuric acid (21 c.c.), and water (7 c.c.) was heated on 
the steam-bath for 1 hour. After addition of ice the product (4-5 g.) was isolated by means 
of ether; it had b. p. 128—130°/0-2 mm., njf 1-5870 (Found: C, 83-8; H, 7-5. C,,;H,,0 
requires C, 83-8; H, 7-5%). The pale yellow oil crystallised on keeping. The semicarbazone 
formed prisms, m. p. 245°, from pyridine (Found: C, 69-3; H, 7-0. C,,H,,ON, requires C, 
69-2; H, 7-:0%). 

5 : 6-Benzhydrindene (I, R = H).—The above semicarbazone (1-4 g.) was intimately mixed 
with potassium hydroxide (2-5 g.) and carefully heated (20 mm.). The oil (1-0 g.) that dis- 
tilled was heated with palladised charcoal (0-2 g., according to Ruzicka) for 4 hours at 300°. 
Extraction of the residue afforded a solid (0-6 g.) that crystallised from methyl alcohol in rosettes 
of long prisms, m. p. 94° (Found: C, 92-7; H, 7-2. C,,;H,, requires C, 92-8; H, 7-2%). The 
picrate crystallised from alcohol in golden needes, m. p. 118° (Found: N, 10-7. C,;Hj,,C,H,;0,N, 
requires N, 10-7%). 

3’-Methyl-5 : 6-benzhydrindene (I, R= Me).—A solution of ketotetrahydrocyclopenteno- 
naphthalene (4 g.) in ether (70 c.c.) was added to one of methylmagnesium iodide (magnesium, 
1-2 g.; methyl iodide, 7 g.) in ether (50 c.c.) with shaking. After 12 hours the mixture was 
refluxed for 3 hours, and the product (3-5 g.) isolated as a yellow oil, b. p. 159—162°/15 mm. 
This material (2-4 g.) was dehydrogenated as above and yielded a colourless liquid (1-8 g.), 
b. p. 170—172°/20 mm., nif" 1-6029 (Found: C, 92-3; H, 7:8. C,,H,, requires C, 92-3; 
H, 7:7%). The picrate crystallised from methyl alcohol in orange-coloured needles, m. p. 
109—110° (Found: N, 10-3. C,,.H,,0,N; requires N, 10-2%). 

6-Keto-5-methyl-7 : 8-dihydro-1 : 2 (or 2 : 3)-cyclopentenonaphthalene (III or II).—5-Hydroxy- 
hydrindene (17-8 g.) (Cook and Linstead, loc. cit.) was hydrogenated, with the help of Adams’s 
catalyst in acetic acid solution at room temperature, to 5-hydroxyhydrindane (12-3 g.), b. p. 
118°/20 mm., »}® 1-4987 (C. and L., b. p. 113°/15 mm., ni®° 1-4931). Oxidation with chromic 
acid gave 10-2 g. of the ketone, b. p. 102—104°/15 mm., n}$" 1-4868 (C. and L., b. p. 96-5°/11 mm., 
ni8° 1-4848). Hydrindan-5-one (10-2 g.) in ether (100 c.c.) was added to powdered sodamide 
(5-7 g.) under ether (150 c.c.), and the whole refluxed with stirring for 2 hours. After 12 hours, 
e-diethylaminopentan-~y-one methiodide (21-9 g.) in pyridine (100 c.c.) was added during 3 hours 
with vigorous stirring. After 12 hours the mixture was refluxed for 2 hours. The pyridine 
was removed by washing with acid, and the kefone distilled, b. p. 153—155°/1-6 mm. (5 g.); 
redistilled, b. p. 142—144°/0-2 mm., nj" 15428 (Found: C, 82-3; H, 9-7. C,,H,,O requires 
C, 82-4; H, 9-8%). 

The 2 : 4-dinitrophenylhydrazone crystallised from ethyl acetate—alcohol in deep red prisms 
with a metallic reflex, m. p. 174—175° (Found: C, 62-4; H, 6-2. C,9H,,0O,N, requires C, 
62-5; H, 6-2%). 

Dehydrogenation. (i) The ketone (1-6 g.) was heated with selenium (4 g., gradually added) 
for 14 hours at 330°. The product (0-5 g., m. p. 142—145°) was extracted with ether. A 
benzene solution was filtered through activated alumina, and the solid recovered and crystal- 
lised from benzene-light petroleum (b. p. 60—80°), forming colourless leaflets, m. p. 162—163° 
(Found: C, 85:1; H, 7-4. C,,H,,O requires C, 84-8; H, 7:1%). The substance was readily 
soluble in aqueous sodium hydroxide but gave no ferric reaction in alcoholic solution. On 
addition of picric acid to an alcoholic solution a red coloration was produced, but the picrate 
could not be isolated. 

(ii) The ketone (1-7 g.) was hydrogenated in alcoholic solution in the presence of a palladium 
catalyst (180 c.c. of hydrogen absorbed). The product was isolated, submitted to Clemmen- 
sen’s reduction process (under toluene), again isolated, and dehydrogenated with palladised 
charcoal at 300—320°. A very small quantity of crystals, m. p. %—42°, was obtained by 
trituration of the residue from the last ethereal extraction with alcohol. The mother-liquors 
afforded no solid picrate. 

1~y-Ketobutyl-2-naphthol (V1).—Methyl £-chloroethyl ketone (53 g.) was added dropwise 
with good shaking to a solution of 8-naphthol (72 g.) in alcoholic potassium ethoxide (39 g. of 
potassium in 300 c.c.) cooled in a freezing mixture. After keeping at 0° for 3 days, the solvent 
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was removed under diminished pressure, and an aqueous solution of the residue saturated 
with carbon dioxide. The solid was collected, washed, dried, and crystallised from aqueous 
alcohol (63 g., m. p. 88—89°). The orange-red solution in concentrated sulphuric acid exhibited 
a green fluorescence. The semicarbazone crystallised from methyl alcohol in pale yellow 
prisms, m. p. 179—180° (Found: C, 66-1; H, 6-2. C,;H,,0O,N; requires C, 66-4; H, 6-3%). 
The oxime formed hard prisms, m. p. 168—169°, from aqueous methyl alcohol (Found: C, 
73-4; H, 6-5. C,,H,,ON requires C, 73-4; H, 65%). The acetate was obtained by the action 
of acetic anhydride on a solution of the naphthol in aqueous sodium hydroxide; it had b. p. 
174—176°/0-2 mm. (Found: C, 75-0; H, 6-4. Cy6H 1.03 requires C, 75-0; H, 6-2%). 

Hydrogenation. (i) Ketobutylnaphthol (5 g.) in acetic acid (70 c.c.) at 70° was stirred in 
hydrogen at atmospheric pressure along with Adams’s catalyst (0-15 g.). After 48 hours, 
1480 c.c. of hydrogen had been absorbed (2H, requires 1550 c.c.). The product (4-1 g.) crystal- 
lised from methyl alcohol in prisms, m. p. 69°, b. p. 117—122°/0-3 mm. (Found: C, 83-2; 
H, 8-6. C,,H,,O requires C, 83-2; H, 8-9%). 

(ii) A similar result was obtained when the hydrogenation was conducted at 20° until 
1H, had been absorbed and the reduction then completed at 70°. The hydrogenation did 
not proceed at 30° in alcoholic or ethyl acetate solution. 

(ili) Hydrogenation of the acetate or oxime, ony as in (i), also afforded the 
substance C,,H,,0, m. p. 68—69°. 

The substance C,,H,,0 was unchanged by treatment with chromic acid in acetic acid 
solution or with potassium permanganate in hot aqueous alkaline or acetone solution. It 
was unchanged by boiling with acetic acid saturated with hydrogen bromide. It is therefore 
undoubtedly a cyclic ether (XII or XIII). Dehydrogenation with palladised charcoal under 
the usual conditions gave 2-methyl-5 : 6-benzchroman (XIV), which formed pearly plates, m. p. 
90—91°, from ethyl alcohol (Found: C, 84-8; H, 6-9. C,,H,,O requires C, 84-8; H, 7-1%). 

1-y-Hydroxybutyl-2-naphthol—From a mixture of ketobutylnaphthol (35 g.), isopropyl 
alcohol (300 c.c.), and aluminium isoproproxide (30 g.), the alcohol was slowly distilled through 
a column, with additions of isopropyl alcohol to maintain the original volume; the process 
occupied 24 hours (bath at 120—125°). Removal of the solvent and acidification gave a 
solid which, crystallised from methyl alcohol, had m. p. 135—136° (yield, 24-3 g.) (Found: 
C, 77-8; H, 7-3. C,H,,O, requires C, 77-8; H, 7-4%). 

Hydrogenation. A solution of the naphtholic alcohol (5 g.) in acetic acid (50 c.c.) at 60°, 
along with Adams’s catalyst (0-2 g.), was stirred with hydrogen; a little more tea 5H, was 
absorbed. Distillation of the product, gave (i) 0-5 g., b. p. 111—122°/0-5 mm., nj 1-5042; 
(ii) 0-4 g., b. p. 123—126°/0-5 mm., ni 1-5044 (Found: C, 80-0; H, 11-2. CHO requires 
C, 80-7; H, 11-5%), possessing an cenanthol-like odour; (iii) a small amount, b. p. 135— 
160°/0-5 mm., n¥@° 1-5144. 

Ethyl 3-Keto-4-methyl-A‘* !°-octalin-9-carboxylate.—a-Diethylaminopentan-y-one (28-7 g.) 
in alcohol (50 c.c.) was added to a solution of ethyl cyclohexanone-2-carboxylate (17 g.) in 
alcoholic sodium ethoxide (4:7 g. of sodium in 150 c.c.). After 24 hours the mixture was 
refluxed for 2 hours. The solvent was removed under diminished pressure, dilute hydrochloric 
acid added, and the product collected by means of ether. Distillation afforded some recovered 
keto-ester and then 9-7 g., b. p. 172—175°/14 mm.; redistilled, b. p. 135—136°/0-2 mm., nj* 
1-5141 (Found: C, 71-6; H, 8-5. C,,H,.O0; requires C, 71-2; H, 85%). 

The semicarbazone crystallised from alcohol in small prisms, m. p. 166—167° (Found : 
C, 61-2; H, 81. C,,;H,,0,N, requires C, 61-4; H, 7-8%). 

This ester could not be converted into an oxide by treatment with aqueous methyl-alcoholic 
potassium hydroxide and hydrogen peroxide. 

Ethyl 2~y-Ketobutylcyclohexanone- -2-carboxylate.—An alcoholic solution of sodium ethoxide 
(0-2 g. of sodium in 3 c.c.) was added to a mixture of ethyl cyclohexanone-2-carboxylate (25-5 g.), 
pyridine (50 c.c.), and 8-diethylaminobutan-f-one (21-5 g.); after 4 days a further equal 
quantity of alcoholic sodium ethoxide was introduced. After 7 days longer, dilute hydro- 
chloric acid in excess was added, and the product isolated by means of ether. On distillation, 
16 g., b. p. 180—184°/15 mm., n}%° 1-4880, were obtained; redistilled, b. p. 176—180°/12 mm., 
ny 1-4868 (Found: C, 66-1; H, 8-4. C,,;H,,O, requires C, 65-0; H, 83%). It is hard to 
obtain these diketones free from the products of their cyclodehydration (C,,H,,0, requires 
C, 70:3; H, 8-1%). 

An attempt to form a pinacol from this diketone by reduction with magnesium and a trace 
of iodine in ether—benzene gave as sole product, as the result of cyclodehydration, ethyl 4-keto- 
A®* 10-octalin-9-carboxylate (cf. du Feu, McQuillin, and Robinson, J., 1937, 53). The substance 
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so formed had b. p. 174—175°/15 mm., n}® 1-5018, and gave a semicarbazone, m. p. 194—195° 
(Found: C, 60-4; H, 7-5. Calc. for C,,H,,O,;N,: C, 60-2; H, 7:°5%). Direct comparison 
established the identity with an authentic specimen. 


DysoN PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 23rd, 1941.]} 





106. The Photodecomposition of Gaseous Acetone. Part II. 
By RoBERT SPENCE and WILLIAM WILD. 


It has been shown that the apparently contradictory results of Herr and Noyes 
(J. Amer. Chem. Soc., 1940, 62, 2052) and of Spence and Wild (J., 1937, 352) on the 
photodecomposition of gaseous acetone in the ‘‘ continuum ” region of absorption can 
be represented by a single expression derived from a common mechanism. Attention 
has been directed to a number of interesting facts relating to the photodecomposition 
in the banded region of absorption which are inexplicable on the basis of a purely 
radical type of mechanism. A theory which postulates two activated states of the 
acetone molecule, one of which has a life period of the order of 10-* sec. and the other 
of which is a metastable state of long life (ca. 10-* sec.), has been advanced in order to 
account for these results. 


WE have already shown (J., 1937, 352) that the photodecomposition of gaseous acetone is 
a complex process, and that the reaction at room temperature could be represented stoi- 
cheiometrically by the equation (2y — x)COMe, + hv—> yC,H, + xCO + (y — x)(COMe),, 
the actual values of x and y depending on the conditions. Increase of light intensity in the 
“ continuum ” region of absorption (2537 a.) caused the ratio C,H,/CO to increase towards 
a maximum value of 3 for an acetone pressure of 160 mm., and a mechanism was advanced 
which yielded an expression for the ratio in good agreement with the experimental results. 
In the region of banded absorption (3130 a.), however, the value of the ratio appeared to be 
considerably lower than that predicted by the theory, being approximately unity. It was 
suggested that absorption of light of wave-length 3130 a. by acetone results in the production 
of an excited molecule which ultimately dissociates directly into carbon monoxide and 
ethane rather than into radicals as in the “‘ continuum ”’. This mechanism was also applied 
to account for the unusual results obtained with mixed light. In this case, the C,H,/CO 
ratio increased to a maximum value of about 2 and then decreased with increase of light 
intensity. Such a decrease in the ratio could be brought about if acetyl radicals produced 
by the “‘ continuum ”’ light were decomposed into CH, and CO on colliding with the excited 
acetone molecules of long life resulting from absorption of light of wave-length 3130 a. 
Although the evidence in favour of the proposed primary process for the “‘ continuum ”’ 


region (COMe, —> CH, + CH,°CO) was strong enough to bring about its general accept- 
ance, this was not true of the mechanism for the banded region. Further experiments. 
have been carried out, therefore, with the object of confirming our previous results. It is. 
now possible, moreover, to carry the analysis of the whole reaction a stage further in view 
of a recent paper by Herr and Noyes (J. Amer. Chem. Soc., 1940, 62, 2052) in which accurate 
data are given for monochromatic light of wave-lengths 2536 a. and 3130 a. Before these 
results can be compared with our own, however, it is necessary to express them in the same- 
units. Both sets of data have been correlated, therefore, by plotting the ratio C,H,/CO 
against rate of decomposition expressed as c.c. of acetone vapour decomposed per hour 
per c.c. of reaction space. In the case of Herr and Noyes’s data this rate can be obtained 
from the expression : rate of decomposition = ® x J,,,.., where ® is the quantum yield for 
acetone decomposition as given in their paper. The quantum yield appears to be inde- 
pendent of J,,., except at very low intensities, where a slight increase is observed. Our 
previous result that the rate of decomposition is proportional to intensity over a forty-fold 
range is in agreement with this (loc. cit., p. 357). There is an inconsistency between the 
quantum yields given in Fig. 6 and Figs. 5 and 7 of Herr and Noyes’s paper. Values of 
the rate of acetone decomposition, D, have been calculated on the basis of Figs. 5 and 7. 
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The data have not been corrected for temperature, since its effect on the ratio is small in 
this region. 

TABLE I. 


Photodecomposition in the Region of Continuous Absorption. 
Influence of Light Intensity and Acetone Pressure. 


D, c.c. /hr./c.c. 
Authors. x 105. 
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When the results are plotted (Fig. 1), the apparently contradictory facts that in Herr 
and Noyes’s experiments the ratio decreased with rise of acetone pressure whilst in our 
experiments it did the reverse, become related by a family of curves. 


Fic. 1. 
Variation of C,H,/CO ratio with rate of photodecomposition of COMe, by continuum light. 
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Experiments in the Banded Region of Absorption.—Acetone, dried and purified as described in 
our previous paper, was contained in a Pyrex glass tube connected to the quartz reaction vessel 
by a glass ventil (Bodenstein, Z. physikal. Chem., 1930, B, 7, 387). The reaction vessel was of 
the annular type,’ about 10 cm. long and having ca. 1 cm. between the walls of the annular 
reaction space, the volume of which was 155 c.c. Illumination was provided by a water-cooled 
mercury arc in Pyrex glass, similar to that described by Anderson and Burg (J. Chem. Physics, 
1938, 6, 586), consuming 12 amps. from a 110-volt supply. The arc was mounted vertically so 
as to pass through the centre of the reaction vessel coincident with its principal axis. A cylindri- 
cal reflector of polished aluminium surrounded the vessel in order to obtain maximum light 
intensity. After an experiment, the gases were pumped through a trap at — 160° via a second 
glass ventil by means of a mercury pump. The carbon monoxide and ethane thus collected were 
transferred to the micro-gas analysis apparatus recently described by one of us (Spence, J., 
1940, 1300). Carbon monoxide was determined by combustion overeoxidised copper wire at 
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270°, and ethane by combustion over copper oxide—iron oxide at 600°. Finally, the carbon 
dioxide produced was absorbed over solid potassium hydroxide. Direct tests (nickel dimethyl- 
glyoxime reaction) on the condensate collected in the trap from six experiments failed to reveal 
the presence of diacetyl. The test was not sufficiently sensitive, however, to detect the presence 
of traces of diacetyl which might be formed at C,H,/CO ratios only slightly greater than unity. 
Data from these experiments and from our previous paper, together with the results of Herr 
and Noyes (loc. cit.), are shown in Table II. ' 


TABLE II. 


Photodecomposition in the Region of Banded Absorption. 
Influence of Light Intensity and Acetone Pressure. 


d = mean displacement of molecules from walls. 
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Our experiments were at first regarded simply as confirmatory of the earlier results in the 
banded region until the publication of apparently contradictory results by Herr and Noyes 
































Fic. 2. Fie. 3. 
Variation of quantum yield of photode- 
Variation of C,H,/CO ratio with rate of photodecom- ' composition of COMe, with pressure 
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obliged us to reconsider the whole problem. Although we have been unable to carry out any 
further experimental wotk in this field, the existing data (Table II and Fig. 2) permit us to draw 
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a number of definite conclusions. In general, there appears to be an increase in the C,H «/CO 
ratio with decrease of acetone pressure in a given vessel, and for moderate acetone pressures, in 
a series of different vessels, reduction in the mean distance of molecules from the wall causes 
the ratio to approach a value of unity. 


DISCUSSION. 


In our previous communication (loc. cit.) we showed that the primary process in the 
photodissociation of gaseous acetone at room temperatures, by “ continuum ”’ light, is 


COMe, — CH, + CH,°CO. Furthermore, a mechanism was advanced, based on reason- 
' able premises, which accounted for the experimental results with considerable accuracy. 
Although the reasons for the various steps of the mechanism still remain valid, certain 
modifications must now be introduced if the data given in Table I are to be accounted for. 
In the following scheme, the individual reactions have been given the same numbers as 
before in order to avoid confusion. 


(1) (CH,),CO + hy —> CH,+CH,CO (4a) CH, + CH,-CO—> (CH,),CO 
(2) 2CH, —> C,H, (4b) CH, + CH,-CO—> C,H, + CO 
(3) 2CH,-CO —> (CH,:CO), (5) CH,CO + M—> CH, +CO+M 


Reactions (2), (3), and (4a) must actually occur by the mechanism 
k 
CH, + CH, =» C,H,* 
ho ' 


C,H,* + M—> C,H, + M 


where M represents a third entity which brings about the stabilisation of the excited mole- 
cule. This gives k, = ky. k,{[M]/(k, + %,[M]). When the lifetime of C,H,* is short, 
ky>k,[M], and hence kg = ky. k,[M]/h. On the other hand when the lifetime of C,H,* 
is long, k2 = ky. Our results, however, point to a state of affairs between these two extremes 
where, in a manner analogous to the Freundlich equation, we can put k, = k,’'[M/}*. 

There is now considerable evidence to indicate that the quantum yield of the primary 
process in the “‘ continuum ”’ region is unity, and that the low total quantum yield actually 
observed is due to recombination (cf. Gorin, J. Chem. Physics, 1939, 7, 256). Reaction 
(4a) has therefore been introduced to take account of recombination. The decomposition 
of the acetyl radical, reaction (5), has also become pressure-dependent in the new scheme in 
. order to account for the increase of C,H,/CO with fall of pressure at low intensities (Fig. 1). 
The smaller the value of k,, the lower the intensity at which this effect becomes operative. 
It is noteworthy that the same reaction has been found necessary to explain pressure effects 
in the photolysis of acetaldehyde (Blacet and Volman, ]. Amer. Chem. Soc., 1938, 60, 1243). 

If we suppose that the concentrations of methyl and acetyl radicals are stationary and 
that k, and kg > k, [reactions (2) and (3) do not require energy of activation whereas several 
workers have assigned an activation energy of about 18 kg.-cals. to reaction (5)], we obtain 
[CH,*CO] = Vk,/ks[CH,] and therefore 


C,H. _ 1 + Whgks/h, 
1 + *s pya) 22 + Via/al ae + he) 
Ry Tabs. 








Now 
p= —{COMe] _ 7 __2hs + kysV ke|hy 
ds * Qh + Vhg/halhae + hy) 





or D = Inn. X Doone, Where 


Doome, = (ky + hyV heg/hg) |[2ky + Vhg/Rg(hya + Fy). 


The mechanism predicts that ® will decrease slowly with rise of pressure. At moderate 
or high intensities, the quantum yield will be independent of intensity, but at very low 
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intensities ® will increase somewhat owing to the increasing importance of reaction (5). 
These deductions are in agreement with the experimental results of Herr and Noyes. 
Substituting for J,,,., we have 





C,H, = 1 + Viigks/hyp 
-” 1 + 25 [IM {2a t kypV ho/Rs 
ab D 








Since the value of x in the expression k, = k,’[M] is found (from the experimental data) 
to be approximately 0-5, the terms under the square root sign will yield only a low power of 
[M] and can be regarded therefore as approximately constant. After collection of constants, 
and substitution of » for [M], we obtain C,H,/CO = (1 + k,p*)/(1 + ,p/W/D). The 
calculated values of C,H,/CO given in Table I have been obtained from this equation, 
appropriate values being used for k,, ky, and x, viz., 


C,H,/CO = (1 + 0-195) /(1 + 5 x 10-5p/+/D) | 


where # is expressed in mm. of mercury and D in c.c./hr./c.c. of reaction space. 

Herr and Noyes (loc. cit.) have suggested a mechanism based on diffusion, which is in 
accord with their results obtained over a narrow range of rather low intensities. When the 
experiments at higher intensities are considered, however, viz., in the region where C,H,/CO 
increases with increase of acetone pressure, the mechanism becomes untenable. 

The situation as regards the banded region of absorption is more obscure. Nevertheless, 
» if due weight is given to the existing data, certain conditions emerge, to which any selected 

theory must conform. These are briefly as follows. (a) At constant J,,,.: the quantum 
yield and C,H,/CO decrease with increase of pressure. This effect is much more pronounced 
than in the short-wave region and the data suggest that the quantum yield approaches 
unity as ~>0. (b) At constant pressure: the quantum yield is independent of J,,.., in 
contrast to its behaviour in the “ continuum’”’ region. On the other hand, C,H,/CO 
increases with increase of intensity as in the “continuum ”’ region. (c) Influence of the 
wall: At moderate pressures (160 mm.), a reduction in the mean molecular distance from 
the wall by the use of narrower vessels causes C,H,/CO to decrease towards unity. This 
effect would also be expected to become noticeable when the pressure is reduced in any 
given vessel, but actually, the ratio increases rapidly with fall of pressure. (d) Effect of 
mixed light: At high intensities, the C,H,/CO value obtained with “ continuum ” light 
alone is reduced by the presence of light in the banded region to an extent which is con- 
siderably greater than would be expected on a purely additive basis (Spence and Wild, 
loc. cit.). It does not seem to be possible to account for these results on the basis of 
radical mechanism alone and the only alternative is a mechanism involving active molecules. 

There is now a good deal of evidence from other sources pointing to the existence of 
excited acetone molecules of long life. The yellow-green fluorescence exhibited by acetone 
under the influence of ultra-violet light is now known to be due to a sensitised fluorescence 
of diacetyl formed during the reaction (Almy et al., J. Chem. Physics, 1940, 8, 37, 805), and 
arises from a transference of energy from excited acetone molecules to diacetyl. Although 
this fluorescence is present at all wave-lengths in the absorption band, it is most pronounced 
towards the long-wave end (A > 2800 a.; Norrish, Crone, and Saltmarsh, J., 1934, 1456). 
The effect increases towards a maximum value with time and becomes measurable after 
5 mins. from the start of illumination. Although we were unable to detect the presence of 
diacetyl in our experiments at 160 mm. (Table II), the high values of C,H,/CO found by 
Herr and Noyes indicate that considerable amounts must be formed at lower pressures, 
and the fluorescence work shows that traces of diacetyl must be present under all conditions. 
It follows, therefore, that there must be some radical production in the long-wave region, 
since diacetyl can only be formed by the combination of two acetyl radicals. Again, since 
the partial pressure of diacetyl which can be built up after 5 mins.’ illumination must be 
extremely small, it follows that the excited acetone molecules concerned in the transference 
of energy to diacetyl are comparatively long-lived. This result is consistent with the observ- 
ations in mixed light (condition d) and with the influence of diameter at high pressures 
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(condition c). Some idea of the life period involved can be obtained from a consideration 
of the diameter effect (Table II). When the mean displacement of the molecules from the 
wall is reduced from 1 cm. to 0-25 cm., C,H,/CO is reduced from 1-45 to about unity for 
160 mm. acetone pressure. At this pressure, the time required to diffuse 1 cm. is about 0:1 
sec. and for 0:25 cm. about 5 x 10 sec. A mean life period of about 10-? sec. for the 
excited acetone molecule would therefore be in accord with the effect of change of diameter, 
with the effect of mixed light, and with the fluorescence results. 

The effect of increase of pressure on the quantum yield and on C,H,/CO (condition a), 
however, could not possibly be accounted for on this basis. If the effect were due to de- 
activation of an excited molecule by collisions, such as we have in unimolecular reactions, 
a life-period of about 10° sec. would be expected. We have been able to reconcile these 
widely different requirements in the following manner. It is assumed that on absorption 
of light of wave-length 3130 A., an excited acetone molecule is produced which, if left to 
itself, executes a complicated vibrational motion on the energy hypersurface of the excited 
state and ultimately decomposes into free radicals. Alternatively, the cause of decom- 
position may be a transition to another repulsive energy surface, but the evidence does not 
permit us to distinguish between the two possibilities. The fact that the absorption 
spectrum at 3130 a. shows some structure indicates that the time between activation and 
decomposition must be considerably greater than the period of a single vibration (ca. 10-* 
sec.). When the acetone pressure is raised, however, the excited molecule suffers an in- 
creased number of collisions with loss of energy and may change to a metastable state, 
which no longer yields radicals but either reverts to the normal state or decomposes, perhaps 
by induced predissociation, into ethane and carbon monoxide after a time interval of the 
order of 107 sec. 

The quantum yield decreases from unity with increase of pressure in such a manner as 
to suggest that the life-period of the first excited state is about 10° sec. However, the 
curve does not follow a simple deactivation formula, since the number of metastable mole- 
cules yielding ethane and carbon monoxide must increase with increase of pressure, so that 
the experimental curve represents the sum of two effects (Fig. 3). The reactions can be 
represented as follows : 

(6) (CH,),CO + hv —» (CH;),CO’ (8a) (CH,),CO” pontine C,H, + CO 
(7a) (CH,),CO’ a CH, + CH,°CO (8b) (CH,),CO’”’ —» (CH,),CO 
(7b) (CH,),CO’ + M—~» (CH,),CO” + M (8c) (CH,),CO” RB C,H, + CO 


It follows from this mechanism that at low pressures decomposition into radicals predomin- 
ates and C,H,/CO can attain high values, whilst at pressures exceeding 100 mm., direct 
decomposition into ethane and carbon monoxide is the main primary process. The effect 
of increase of intensity on the quantum-yield will be small, especially at the higher pressures 
where the proportion of radical decomposition is much reduced (cf. condition 6). If the 
metastable molecule diffuses to the wall and is there decomposed into saturated molecules 
(reaction 8c), the influence of diameter can be understood. 

Herr and Noyes (loc. cit.) found that the C,H,/CO-acetone pressure curve for 3130 a. 
lay above that for 2537 A., t.e., that the value of C,H,/CO for a given pressure was greater 
for the long- than for the short-wave light. They suggested, by way of explanation, that as 
the wave-length is reduced, an increasing proportion of the acetone molecules break up 


into three radicals, viz., (CH3),CO —> CH; + CH, + CO, owing to the spontaneous decom- 
position of the energy-rich acetyl radicals produced in the first instance. In our view, the 
excess vibrational energy possessed by the acetyl radicals would be rapidly dissipated by 
collision at high pressures, but with decrease of pressure a growing proportion would 
decompose spontaneously. In consequence, the concentration of acetyl radicals and there- 
fore the value of C,H,/CO would be less in the “ continuum ” region than in the banded 
region at low pressures, in agreement with the experimental results. 

As regards the effect of mixed light (cf. condition d), the explanation advanced in our 
previous paper, viz., that excited acetone molecules of long life produced in the banded 
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region bring about the decomposition of acetyl radicals produced in the “ continuum ” 
region, still remains valid : 


(9) (CH,),CO” + CH,-CO—> (CH,),CO + CH, + CO 


Both the quantum yield and C,H,/CO tend to unity with rise of temperature. In the 
“ continuum ”’ region, since reactions (4b) and (5) require energy of activation, they will 
become increasingly important at higher temperatures, causing a reduction in the concen- 
tration of free acetyl radicals. The quantum yield will accordingly rise and C,H,/CO will 
fall, both approaching unity as the temperature rises. In the case of the banded region, 
there is an additional effect to be considered. The energy associated with light of wave- 
length 3130 a. corresponds closely with recent estimates of the strength of the carbon- 
carbon bond, viz., about 90 kg.-cals. per mol. As the temperature rises, the ground state 
will possess higher vibrational energy, and upon absorption of a light quantum, a point on 
the upper energy surface will be reached from which radical decomposition is more readily 
achieved. The life-period of acetone molecules will be shorter, deactivation will become 
less probable, and at temperatures above 100° there may be no difference between the 
primary processes occurring in the two regions of absorption (cf. Leermakers, J. Amer. 
Chem. Soc., 1934, 56, 1899; Gorin, loc. cit.). 

It is realised that the theory now advanced is a complicated one, but each phase of it 
has been related to some definite experimental result. More work is required covering a 
wide range of pressures and intensities in both absorption regions under standard experi- 
mental conditions. The theory suggests that the addition of foreign gases should have a 
marked effect on the reaction, and it is also a consequence of the theory that-decrease of 
vessel diameter should result in an increase in the quantum yield in the banded region. 
These points are open to experimental confirmation. Refinements, such as the reversibility 
of reaction (7) for instance, have been omitted, and no attempt has been made to apply 
the theory of the banded region quantitatively. 
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107. Preparation of Tetradeuteroethylene Dibromide by Direct Union of 
Dideuteroacetylene and Deuterium Bromide. A Route to Tetra- 
deuteroethylene.: 


By CHRISTOPHER L. Witson and ALAN W. WYLIE. 


A mixture of isomeric dibromotetradeuteroethanes containing about 10% of 
ethylidene dibromide has been made by passing deuterium bromide and dideutero- 
acetylene over a prepared charcoal catalyst at 180°. The best sample contained 99-7 
atom % of deuterium. pune of the reaction with zinc to give tetradeuteroethylene 
are described. 

An all-glass apparatus for the production of a continuous supply of up to 6 1. per 
hour of pure deuterium bromide by the combination of electrolytic deuterium with 
bromine has been designed. 


THE ultimate object of the present work was a spectrographic study of tetradeuteroethylene. 
This project was largely forestalled by de Hemptinne, Jungers, and Delfosse (J. Chem. 
Physics, 1938, 6, 319; cf. also de Hemptinne and Velghe, Physica, 1938, 5, 958), who pre- 
pared a highly deuterated ethylene by a process essentially similar to ours and measured its 
long-wave spectra. These authors did not, however, directly determine the isotopic purity 
of their products. We have done this with our preparation and the process which we now 
describe would appear to provide material of exceptionally high isotopic purity. Our 
optical investigations have been indefinitely delayed. 

Preparation of Deuterated Ethylene.—Deuterium was first introduced into the ethylene 
molecule by exchange between ethylene and deuterium over a nickel catalyst (Farkas, 
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Farkas, and Rideal, Proc. Roy. Soc., 1934, A, 146, 630). The simultaneous occurrence of a 
hydrogenation reaction would appear to preclude the use of this reaction for preparative 
purposes even though exchange predominates at high temperatures. Rather similar 
behaviour is found with a platinum catalyst (Farkas and Farkas, J. Amer. Chem. Soc., 
1938, 60,22). Horiuti and Polanyi (Trans. Faraday Soc., 1934, 30, 1164) observed exchange 
between ethylene and 2-7% “‘ heavy ” water, using platinum and nickel catalysts, and 
de Hemptinne et al. (loc. cit.) used this method to prepare mixtures 6f partly deuterated 
ethylenes. For their more highly deuterated material these authors combined dideutero- 
acetylene and deuterium bromide under the influence of ultra-violet light, and then 
removed the bromine from the resulting dibromoethanes by means of zinc. Dideutero- 
acetylene and deuterium bromide were made by reaction of calcium carbide and phos- 
phorus pentabromide respectively with deuterium oxide. Direct isotopic analysis was, 
apparently, not attempted with either the dibromo-compound or the resulting ethylene, 
but the spectrographic results led these authors to conclude that their tetradeuteroethylene 
contained “‘ a few per cent. of C,HD,.”” Mizushima, Morino, and Sugiura (Proc. Imp. Acad. 
Tokyo, 1938, 14, 250) used mercuric bromide to catalyse the union of dideuteroacetylene 
and deuterium bromide; although they recorded spectral frequencies for the dibromo- 
compound produced, yet they neither determined isotopic composition nor were, apparently, 
aware that the product they handled was almost certainly a mixture of the aa- and the 
aB-isomer. Since spectrographic results have but little value unless associated with a 
knowledge of purity, we have been careful to determine chemical and isotopic purity at all 
stages. 

In some preliminary but unsuccessful experiments we attempted to realise exchange 
between ethylene and “‘ heavy ” sulphuric acid. Deuteration did occur, but only, appar- 
ently, through the formation and decomposition of ethyl hydrogen sulphate. Recovery of 
ethylene was very poor (cf. Ingold and Wilson, Z. Elektrochem., 1938, 44, 68). Decarboxyl- 
ation of anhydrous salts of ethylenetetracarboxylic acid in the presence of metal deuter- 
oxides was also tried. Here, simple decarboxylation was not realised but, instead, a 
complex reaction involving evolution of carbon monoxide occurred. 

Union of Acetylene and Hydrogen Bromide.—Attention was then turned to reactions 
involving the addition of acetylene and hydrogen bromide which other workers have found 
practicable. For exploratory experiments the “light” forms of these molecules were 
prepared by reaction of carbide with water and the combination of electrolytic hydrogen 
with bromine. These particular methods of preparation and the apparatus used were 
designed primarily to permit easy and economical adaptation to deuterium work. 

Failure attended attempts to unite acetylene and hydrogen bromide under pressure in 
Carius tubes (cf. Maas and Russell, J. Amer. Chem. Soc., 1918, 40, 1561). However, the 
large technical literature which has grown up around this problem since vinyl halides became 
important substances in the plastics industry would suggest that the reaction needs a 
suitable catalyst. Thus, de Hemptinne, Jungers, and Delfosse (loc. cit.) employed ultra- 
violet radiation (see U.S.P. 1,414,852, 1922). The addition of oxidising gases such as 
nitrogen dioxide has been claimed to facilitate the formation of vinyl halides (G.P. 368,467, 
1919; U.S.P. 1,540,748, 1922). At elevated temperatures various metallic halides sup- 
ported on suitable inert materials have been found satisfactory (B.P. 492,980, 1937 ; 339,093, 
1929; G.P. 278,249, 1912). Even charcoal alone, if it is first activated by phosphoric acid 
(B.P. 339,727, 1929; U.S.P. 1,903,894, 1933) or hydrogen halide (B.P. 349,017, 1930), has 
been claimed to catalyse the addition. 

We had but little success with metallic halides (e.g., mercuric or ferric bromide) supported 
on various carriers, and it was not until we had noticed that spongy platinum became very 
active for the addition process only after a layer of carbon had formed on it by pyrolytic 
decomposition of acetylene that we tried activated charcoals. These proved very success- 
ful. The best results were obtained by activating granular charcoal in a streamof hydrogen 
bromide at 450° before the addition reaction was carried out at about 200°. Yields of up 
to 70% were realised, the product being mainly «$-dibromoethane together with a few 
units % of the aa-isomer, vinyl bromide, and, surprisingly enough, ethyl bromide, the last 
probably formed as the result of a hydrogenation reaction. There is other evidence 
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(Tschitschibabin, J. Inst. Pet. Tech., 1916, 3, 48) that active charcoal can behave as a 
. hydrogenation catalyst. 

Although raising the temperature of reaction increased the yield of vinyl bromide, it is 
not clear why the major product at 200° was the dibromide, whereas the literature would 
have led one to expect vinyl bromide. Wibaut, however, showed (Z. Elektrochem., 1929, 
35, 602; Rec. Trav. chim., 1931, 50, 311; Wibaut and van Dalfsen, zbid., 1934, 53, 489) 
that inert contact materials such as glass-wool, which failed to promote combination of 
acetylene and hydrogen bromide, were able to catalyse the union of vinyl bromide and 
hydrogen bromide. In the present experiments it may have been that the walls of the glass 
reaction tube acted in this way. 

When a change over to deuterium compounds was made, it was found necessary, first, 
to replace exchangeable protium in the catalyst by deuterium. This protium could not 
be removed by heating to 500° under reduced pressure. Exchange was conveniently carried 
out by prolonging the activation process using deuterium bromide at 450°. Reaction of 
2 mols. of deuterium bromide with dideuteroacetylene occurred best at 180° and led to a 
mixture of products similar in composition to that from the earlier experiments with “‘light”’ 
materials. In this way isomeric dibromotetradeuteroethanes, trideuterovinyl bromide, and 
pentadeuteroethyl bromide were prepared, the last two substances only in small amount. 
In all, some 250 g. of mixed dibromoethanes were made with the deuterium content of 
various samples ranging from 98-3 to 99-7 atom-%. The highest figure was represented by 
93 g. of material. 

Pure «$-dibromoethane was prepared from the mixed isomers by reaction with zinc in 
moist (D,O) dioxan and subsequent combination of the ethylene evolved with bromine. 
Absence of hydrogen exchange during this cycle of operations is rendered very probable by 
the work of other authors already referred to. We have not carried out isotopic analyses on 
these materials to check this conclusion. 

The conversion of ethylene dibromide into ethylene oxide, sulphide, and imine is described 
in the literature. Our experience in this field confirms the low yields obtained except in the 
case of the oxide. In this instance we failed completely even to isolate the oxide by reaction 
of the dibromide with silver oxide in sealed tubes at temperatures up to 250° (cf. Greene, 
Compt. rend., 1877, 85, 624; 1878, 86, 1141). 


EXPERIMENTAL. 


The general plan of the apparatus was as follows. Sections which may be described as the 
hydrogen bromide and the acetylene generator each delivered their products at predetermined 
rates into the catalyst tube. Here combination of the gases occurred and the organic bromo- 
compounds were collected in suitable traps. The entire apparatus was of glass, and standard 
joints and taps were used only where essential. Care was taken to search for pin-holes in the 
Pyrex seals, and the entire apparatus when assembled was evacuated and warmed to expel 
“light ’’ moisture before deuterium compounds were introduced. 

Electrolytic Deuterium Cell_—The deuterium generator, shown in Fig. 1, was made out of a 
large standard joint, the male portion of which was fashioned into a cylindrical water-cooled 
jacket surrounding the cathode. The cell had an electrolyte capacity of 60 c.c., and with 25% 
sulphuric acid a current of 5 amp. (corresponding to 2 1. of hydrogen per hour) could be passed 
without much rise in temperature; even at 8 amp. heating was not serious. The cylindrical 
platinum electrodes were made by welding foil and wire (approx. 18S.W.G.) together. The rest 
of the apparatus offered a little back pressure to the flow of hydrogen and this was balanced by 
inserting a sulphuric acid bubbler, in the oxygen outlet. The pressure compensation could be 
varied by tilting the bubbler. Attachment to the oxygen outlet was made by thin lead tubing 
sealed with de Khotinsky cement, since rubber quickly deteriorated under the action of the ozone 
generated. ; 

Deuterium Bromide.—Combination of deuterium and bromine was carried out in the apparatus 
shown in Fig. 2. Deuterium from the electrolysis cell was passed first through a trap at — 78° to 
dry it and then through bromine kept at 48°. Reserve bromine was stored in the dropping 
funnel so constructed that it avoided the use of tap grease. ‘‘ AnalaR”’ bromine was further 
purified by distillation from phosphoric oxide in a vacuum in an all-glass apparatus. The tap 
immediately preceding the bromine vessel was lubricated with phosphoric acid-graphite and 
sealed with mercury. 
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Mixed deuterium and bromine then passed on to the combustion chamber made out of a 
length of Jena ‘“‘ Supremax’’ combustion tube: this glass can readily be sealed to Pyrex. 
The chamber was filled with pieces of porcelain and wound with nichrome wire so that the first 
portion could be kept at about 80° and the second at 700°. After complete combination of the 
gases had been achieved the major part of any excess bromine was removed by a trap in liquid 


ammonia and the last traces by a column of copper turnings, previously washed with light 
petroleum and dried im situ. 


Under the conditions described, with a flow Fic. 1. 
of deuterium of 2 1./hr., the yield of deuterium Deuterium generator. 
bromide was almost quantitative. Less than 9 
1% (by vol.) of uncombined deuterium was i} 
present. 

Acetylene.—The acetylene generator con- 
sisted of a 500-c.c. flask fitted with a gradu- 
ated dropping funnel, the stem of which had ; la 
been drawn out into a fine capillary. Water 
was dropped slowly and regularly on to calcium 
carbide, spread on copper gauze, and covered } 
with a layer of pure dry dioxan, at a rate Cooling 
sufficient to evolve about 2 1. of acetylene per ae —_ 
hour. 

Commercial carbide was broken into pieces 
about the size of a pea and non-corroded frag- 
ments were selected for drying by ignition at 
500° at 0-01 mm. The treated carbide was + 
transferred directly to the flask without contact 
with atmospheric moisture. Dioxan (B.D.H. 
pure) was dried by refluxing over molten sodium 
for 5 hours before being distilled into the flask. 
The function of the copper gauze (30 mesh) 
was to allow the sludge to fall away from the 
carbide during reaction. 

The acetylene, after passage through two 


; — 


| Dr 











Electrolyte 
traps at —78° to remove dioxan and water, level 


and, incidentally, much of the other hydride 
impurities (hydrogen sulphide, arsine), was led 
through a calibrated flow meter containing 
coloured butyl phthalate as indicator liquid. 10 











cm. 
Further control of the rate of gas flow was 


effected by a mercury-sealed gasometer con- 
nected to the gas line immediately prior to the . mee 
' 
i 























flow meter. i 
The Catalyst Tube.—Acetylene and hydro- 14 

gen bromide were thoroughly mixed by passage ; 

through a short column of glass wool before Br ae VU CS UJ 

entry into the catalyst chamber. This con- = ' ¥ 

sisted of a Pyrex tube 70 cm. long and 2-2 cm. Wma — — 

in diameter wound with nichrome wire (28 42cm. 

S.W.G.) and well lagged with asbestos paper. | Seen | 

The temperature could be varied between 100° | k-4e— 

and 500° by means of a series resistance. 


Sealed coaxially into the catalyst tube was a narrow glass tube ‘which served as a thermo- 
meter pocket. 

The products of reaction were passed through two collecting traps. The first, cooled in 
liquid ammonia, separated the bromo-compounds, and the second, in carbon dioxide—acetone, 
served to condense unreacted hydrogen bromide. 

Catalyst.—Preliminary experiments are outlined on p. 597. For our main experiments we 
used active charcoal as described iff B.P. 349,017. Both ‘“‘ Norit ”’ and the more convenient 
granular variety (B.D.H. “‘ Special for Gas Analysis’’) were used, and were equally active. 
After being heated to 500° in a high vacuum for some time, the catalyst was activated at 450° 
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in a stream of hydrogen bromide. It was then ready for the addition reaction. "When deuter- 
ium bromide was used, however, it was found that the gas issuing from the catalyst tube was 
seriously depleted of deuterium : this was due to an exchange process which had occurred with 
the protium present in the charcoal. The progress of this exchange is indicated in the following 
table. 


Exchange of Hydrogen Fixed in Active Charcoal. 
(Rate of flow of deuterium bromide, 4-0 1./hour; temp. 450°.) 
Duration of expt. (mins.) 60 120 120 60 65 65 180 180 195 
HBr evolved (atom-% of D)... 0 120 463 57:9 79:9 90-7 97-4 99-3 (100-6) 


At the beginning of the experiments represented, the electrolyte in the deuterium generator 
was made from 99-6% deuterium oxide. A separation coefficient of about 5 for the isotopes 
being assumed, the gas evolved would contain about 97-5% of deuterium. After the sixth 

Fic. 2. 
Deuterium bromide generator. 
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experiment, however, when the electrolyte was reduced to about half, the gas evolved would 
have a deuterium content of 99-9%. Thereafter the cell was topped with 99-98% water. 

Hydrogen bromide was analysed for deuterium in the following manner. The issuing gases, 
after passing through a trap immersed in liquid ammonia, were absorbed in a few c.c. of water in 
a second trap. The resulting aqueous solution was then analysed for bromine by precipitation 
as silver bromide, and for deuterium by distillation from excess of dry silver oxide in a vacuum, 
followed by density determination on the water. This technique has been described before. 
In calculating the results, allowance must be made for the replacement of bromine by its 
equivalent of oxygen when the solution is treated with silver oxide (cf. Nevell, de Salas, and 
Wilson, J., 1939, 1189). 

Synthesis of Dibromoethanes.—(a) Experiments with “‘ light’ materials. In one of a series of 
exploratory experiments ‘‘ Norit”’ activated charcoal, pre-treated by heating for one hour at 
320° in a stream of hydrogen bromide, was used. Acetylene was generated at 1-8 1. /hour and 
hydrogen bromide at 4-01./hour. After 5-25 hours at a reaction temperature of 220°, 44 g. 
(65%) of dibromoethanes had collected, together with 14 g. of a product, the bulk of which 
boiled at 35—45°. When the reaction temperature was raised to 300—350°, only the low-boiling 
product was obtained. a 

The dibromoethane sample was divided into two fractions, b. p. 110—127° and 127—131°. 
The latter on analysis gave C, 12-1; H, 2-11; Br, 84-9 (calc. for C,H,Br,: C, 12-8; H, 2-12; 
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Br, 88-1%). From Wibaut’s data (Rec. Trav. chim., 1931, 50, 311) for the freezing point and 
refractive index of mixtures of aa- and a$-dibromoethanes, the first fraction, which should be 
the richer in the aa-isomer, was found to contain only 6-7% of this compound. This appeared 
to be very satisfactory. It was desirable that the content of aa-dibromoethane should be a 
minimum, since experiment showed that, when dissolved in alcohol or moist dioxan, it failed to 
react with zinc, whereas the «$-isomer rapidly evolved ethylene. 

The amount of vinyl chloride in the low-boiling fraction was estimated as follows. Hydrogen 
bromide (8 g.) was condensed on to 5 g. of the sample in a Carius tube cooled to —78°. The 
tube was sealed and then kept at room temperature in the dark for 48 hours, under which 
conditions vinyl bromide is converted quantitatively into dibromo-compounds (Kharasch, 
McNab and Mayo, J. Amer. Chem. Soc., 1933, 55, 2521). After separation of excess hydrogen 
bromide, the residue was found to boil over about the same range as before, and only 0-5 g. of 
product, b. p. 100—130°, was obtained. The amount of vinyl halide present would seem, 
therefore, to be less than 10% of the low-boiling fraction. The material, b. p. 35—45°, left after 
the hydrogen bromide treatment was shown to be largely ethyl bromide by conversion into 
8-naphthyl ethyl ether; this, after recrystallisation from petrol, had m. p. 35°. The amount 
of free hydrogen in the hydrogen bromide (less than 1%) was insufficient to account for the 
formation of almost 14 g. of ethyl bromide; hence it must be concluded that some of the 
acetylene is decomposed. 

(b) Experiments with deuterium compounds. The results of some experiments are collected 
in the following table. Before deuterium analysis the material was treated with potassium 
carbonate and distilled many times in a vacuum. The data for deuterium content were the 
result of determinations on several different fractions of the high-boiling material. The 
individual figures agreed very well with one another.., 


Results of Three Experiments to prepare Deuterated Ethylene Dibromide. 


(DBr, 4-0 1./hour; C,D,, 1-8—2-01./hour. Activation temperature, 450°. Deuterium oxide used, 
99-98%.) 


Dibromoethanes. 


Duration y Yield. * Low-boiling 
a . D content product 
% (on C,D,). (D atom-%). (g.). 
10 








69-9 98-3 
31-3 99-3 3 
é 68-4 99-7 10 

Isotopic Analysis.—About 0-2 g. of the purified dibromotetradeuteroethane was mixed with 
about 10 g. of highly purified “light ”’ ethylene dibromide (b. p. 131-45—131-65°/760 mm., 
n° 1-5355), and the mixture burnt over red-hot copper oxide in a stream of dry air (cf. Ingold, 
Raisin, and Wilson, J., 1936, 914). The combustion water was purified, and its density deter- 
mined in the usual manner. Deuterium content of the dibromoethane was calculated from the 
formula 

D = [F,(1 + H/L) — 0-00017)/(H/L — nF/M) 

where D is the atom-fraction of deuterium in the hydrogen of the dibromoethane, F the atomic 
fraction of deuterium in the combustion water in excess of that in tap water, F,(= F + 0-00017) 
the absolute value of F (0-00017 corresponds with the deuterium content of tap water used as 
density standard), »( =4) the number of atoms of hydrogen per molecule in the substance burnt, 
M the molecular weight of the protium compound, and H and L the weights (g.) of the deutero- 
and the protio-compounds respectively. The equation is general for mixtures of such molecules. 

Preparation of Tetradeuteroethylene and Pure Tetradeuteroethylene Dibromide.—The mixed 
deutero-bromides were dissolved in purified dioxan to which one drop of deuterium oxide had 
been added. One molecular proportion of zinc was added, and the mixture warmed. Evolu- 
tion of ethylene wasrapid. It was passed through traps at — 78° to free it from dioxan and then 
into cooled traps containing purified bromine. Excess bromine was removed by washing with 
aqueous sulphur dioxide, and the product dried over phosphoric oxide and distilled in a vacuum. 


We wish to thank Professor C. K. Ingold, F.R.S., for his continued interest. One of us 
(A. W. W.) thanks the University of New Zealand for the award of a Shirtcliffe Fellowship. 
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108. The Photolysis of Some Chloronitroso-compounds. 


By STOTHERD MITCHELL, KONRAD SCHWARZWALD, and GEORGE K. SIMPSON. 


The method described by Mitchell and Cameron (J., 1938, 1964) for measuring 
quantum efficiencies (y) with red light has been improved and applied to the photolysis 
(in methyl alcohol and in the absence of oxygen) of y-chloro~y-nitrosovaleric acid (I) 
and §-chloro-f§-nitroso-a3-diphenylbutane (II). Some data are also included for 
1-chloro-1-nitrosocyclohexane (III) and §-chloro-f-nitroso-yy-dimethylbutane (IV) 
previously examined by Hammick and Lister (J., 1937, 489). 

When the wave-length of the light coincided with that of maximum absorption, we 
found y Z 1 for (I) and (III) but y < 1 for (II) and (IV). At shorter wave-lengths, 
however, yy became ~ 1 for (II) and (IV) also. In all cases, hydrogen chloride was 
split off. The energy requirements for its elimination are discussed. 


RHEINBOLDT and DEWALD (Annalen, 1927, 455, 300) prepared a number of chloronitroso- 
compounds and found that, when dissolved in organic solvents and exposed to light and 
air, they were oxidised to the corresponding nitro-compounds. These authors do not 
appear to have noticed that photolysis can take place in the absence of oxygen. Mitchell 
and Carson (J., 1936, 1005) obtained a mixture of 8-chloro-f-nitroso- and y-chloro-y- 
nitroso-hexane by the photochemical action of nitrosyl chloride on -hexane. A solution 
of this mixture in methyl alcohol gradually lost its blue colour when exposed to red light 
in sealed tubes, oximes and hydrogen chloride being produced. Anderson, Crumpler, and 
Hammick (J., 1935, 1679) and Hammick and Lister (J., 1937, 489) investigated the action 
of light on several substances containing the nitroso-group. Measurements of the quantum 
efficiencies of 1-chloro-l-nitrosocyclohexane (III) and of $-chloro-f-nitroso-yy-dimethyl- 
“butane (IV) are included in the later communication. With methyl alcohol as solvent, 
the values 2-41 and 1-74 were obtained for these two compounds, respectively. Un- 
fortunately, steps were not taken to exclude oxygen from the reaction vessels when these 
measurements were made, and additional experiments showed that photochemical action 
takes place (but at a reduced rate) when no oxygen is present. Mitchell and Cameron , 
(J., 1938, 1964) studied the photolysis of 8-chloro-f-nitrosobutane in the absence of oxygen, 
and found that in methyl-alcoholic solution the quantum efficiency was 1-2. The products 
were examined and the reaction mechanism was discussed. 

We are interested in chloronitroso-compounds because some of them appear to be suit- 
able for asymmetric photochemical experiments, and we have now prepared two new ones, 
v1z., y-chloro~y-nitrosovaleric acid (1) and -chloro-B-nitroso-«8-diphenylbutane (II). These 
substances are both blue solids which dissolve in organic solvents to give simple molecules. 
We have investigated their products of photolysis, and made a number of quantum efficiency 
measurements using methyl alcohol as solvent. No dark reaction was detected in any of 
the experiments. The results obtained were similar to those already found for @-chloro- 


(I) CH,-CCl(NO)-CH,°CH,*CO,H CH,Ph-CCl(NO)-CH,°CH,Ph (IL) 
(IL) © CsHyy>CCI-NO CH,°CCI(NO)*CMe, (IV.) 


8-nitrosobutane, so we extended our investigations to the two chloronitroso-compounds 
used by Hammick and Lister (loc. cit.) to see if they would behave in the same manner. 
We did not examine the products of photolysis of these compounds, however, beyond 
confirming that an appreciable amount of hydrogen chloride is liberated in each case. 
Table I contains the quantum efficiency data, Using approximately monochromatic 
light of wave-length (A,), coinciding with that of maximum absorption in each case, we 
found that the quantum efficiency (y) was about 1 for (I) and (III), but only 0-78 and 0-62 
for (II) and (IV), respectively. The absorption curves for all four substances are un- 
symmetrical when plotted on a wave-length scale, and on the short-wave side of (II) and 
(IV) there is a very distinct bulge due to a second component (cf. Mitchell and Simpson, 
J., 1940, 784). The absorption data for (I) and (II) are set out in Table II. For (III) 
and (IV) our readings (in methyl alcohol) are so similar to those (in benzene) recorded by 
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Hammick and Lister (Joc. cit.) that it is unnecessary to publish them. We also determined 
the quantum efficiencies of (II) and (IV), using in each case light of wave-length (A,) 
corresponding to the head of the short-wave component of the absorption band. Under 
these conditions we obtained values in the neighbourhood of unity for both substances. 


TABLE I, 
Wave- Temp. G./100 Time of G.-mols. 
Sub- length, of c.c. of irradiation, Cals. decomposed, 
stance. A. filter. soln. mins, absorbed. x 104. y.* * HCl% 
(I) 6550 (A,) 15-4° 7-000 240 9-16 2-22 1-05 97-1 
(II) 6580 (A,) 15-2 6-464 153 5-43 0-98 0-78 99-6 
6100 (A,) 18-7 6-223 600 9-93 2-34 1-10 
(III) 6540 (A,) 15-5 6-931 180 7-42 1-63 0-96 95-0 
(IV) 6700 (A;) 14-2 6-678 250 10-29 1-51 0-62 89-6 
6140 (A,) 18-4 6-992 580 9-50 1-90 0-93 


* y = [(g.-mols. decomposed) /(cals. absorbed)] x [(2-847 x 108) /A]. 


The results lead us to the conclusion that in the photolysis of chloronitroso-compounds 
an activated molecule is first produced by the absorption of one quantum (i.¢e., 42—47 
kg.-cals./g.-mol. for the wave-length range 670—610 my), the absorption taking place 
through the nitroso-group. Hydrogen chloride is then split off. This necessitates the 
breaking of the bonds C-H and C-Cl. From the approximate values for these bond 
energies given by Pauling (‘The Nature of the Chemical Bond,’’ 1940, p. 53), 153-8 kg.- 
cals./g.-mol. would be required. The energy supplied by the light is not nearly enough 
to break these two bonds, but if we take into consideration the heat of formation of hydrogen 
chloride (102-7 kg.-cals.) and the energy (41-4 kg.-cals.) furnished by the formation of 
C=C from C-C, then plenty of energy is available for the reaction.* We may suppose that 
the elimination of hydrogen chloride is preceded by a transition state in which a pre- 
liminary link is formed between the chlorine atom and a neighbouring hydrogen atom, 
with compensating adjustments in the adjacent bonds (weakening of C-Cl and C-H, and 
strengthening of C-C). 


Cl # Cl-—H 
—_ i i — —C=—C— + HCl 
eo ee 
In the cases where the quantum efficiency is less than 1, some deactivation probably 
takes place.. We should expect deactivation to be favoured by the presence of the phenyl 
groups in (II), and to a greater extent by the proximity to the absorbing radical of the 
CMe, group in (IV). Even with these two compounds the quantum efficiency becomes 
approximately equal to unity for the shorter wave-lengths. Thus, although a certain 
amount of energy is always dissipated, at the shorter wave-lengths (where the light quantum 


contains more energy) there is still enough left to cause each of the absorbing molecules 
to split off hydrogen chloride. 


EXPERIMENTAL. 


Preparation of y-Chloro~y-nitrosovaleric Acid (I).—The oxime of levulic acid was dissolved 
in ether, and chlorine passed into the solution until the white precipitate of the resulting hydro- 
chloride had all reacted. The resulting greenish solution was shaken with dilute aqueous 
potassium hydrogen carbonate until it was blue. It was then washed with water, dried over 
anhydrous sodium sulphate, and the ether distilled off. The remaining blue oil solidified on 
cooling; it crystallised from hexane in dark blue plates, m. p. 33° [Found: C, 36-2; H, 4-9; 
N, 8-7; Cl (by Stepanow’s method), 21-2. C,;H,O,NCI requires C, 36-3; H, 4-9; N, 8-5; Cl, 
21-4%]. After several weeks’ standing some decomposition had taken place. 

Preparation of $-Chloro-B-nitroso-a§-diphenylbutane (I1).—$-Hydroxy-a8-diphenylbutane, 


* Further evidence for this is given by the thermal decomposition of (II), in which hydrogen 
chloride is also split off. We found from measurements of the reaction rates at 70°, 80°, and 90° 
(using 4-16% solutions in methyl alcohol) that the energy of activation E (in the equation:k = A¢E/RT) 
was 29—30 kg.-cals. 
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prepared from §$-phenylethylmagnesium chloride and phenylacetaldehyde, was oxidised to 
«8-diphenyl-8-butanone (cf. Tiffeneau, Orékhoff, and Levy, Bull. Soc. chim., 1931, 49, 1846). 
The oxime prepared in the usual manner from this ketone is a mixture of two stereoisomers 
and has not a sharp m. p.; by repeated crystallisation from alcohol the m. p. was raised to 
121°. The chloronitroso-compound obtained from the lower-melting mixture and from the 
highest-melting sample had the same m. p., so for our purpose it was not necessary to isolate 
one form of the oxime. The mixture was therefore dissolved in ether,and chlorine passed in 
as described above. The blue oil remaining after washing, drying, and distilling off the ether 
solidified at once, and was crystallised from alcohol; it had m. p. 46° [Found: C, 70-2; H, 
5-6; N, 5:1; Cl (by Stepanow’s method), 13-1. C,,H,g,ONCI requires C, 70-2; H, 5-85; N, 
5-1; Cl, 130%]. This compound is quite stable and has been kept for several months without 
showing any signs of decomposition. 

Absorption Spectra.—The absorption due to the nitroso-group was examined in each case 
with a Spekker photometer used along. with a Hilger glass spectrograph (E 495) in which wave- 
lengths from 3,600 to 10,000 a. are recorded ona 10’ x 4” plate: Ilford long-range plates were 
very suitable. A ribbon filament lamp (6 v., 16 amp.) served as light source. Data for the two 
new chloronitroso-compounds are in Table II, wheree represents molecular extinction coefficients, 
and 4 wave-lengths in a. 


TABLE II. 


Absorption of y-chloro-y-nitrosovaleric acid in methyl alcohol. 


Concn. 0-0806m, 7 = 1 cm. 
6955. 6900 6850 6825 
4-96 6-20 7-44 8-69 
6355 6280 6225 £6125 5905 5820 
12-41 11-16 9-93 8-69 6-20 4:96 


Absorption of @-chloro-B-nitroso-a8-diphenylbutane in methyl alcohol. 
Concn. 0-0649m, 7 = 1 cm. ; 


7040 
3-72 
6420 
13-65 


6765 
9-93 
6010 
7-44 


6705 
11-16 


6680 
12-41 


6640 
13-65 
5690 
3°72 


6590 
14-89 
5350 
2-48 


7200 
3-08 
6710 
18-49 
6265 
13-87 


7130 
4-62 
6690 
20-03 
6130 
12-33 


7075 
6-17 
6650 
21-57 
6035 
10-78 


7015 
7-71 
6630 
23-12 
5960 
9-25 


6950 
9-25 
6500 
23-12 
5895 
7-71 


6850 
10-78 
6445 
21-57 
5800 

6-17 


6800 
12-33 
6400 
20-03 
5700 
4-62 


6770 
13-87 
6370 
18-49 
5500 
3-08 


6760 
15-41 
6345 
16-95 
5200 

1-54 


Products of Photolysis.—(a) Hydrogen chloride. 
isolated so completely as had been done for @-chloro-f-nitrosobutane (Mitchell and Cameron, 


The products of photolysis could not be 


loc. cit.). In every case, however, hydrogen chloride was found in amounts varying between 
about 90 and 100% of that theoretically possible. The results shown in Table I (last col.) 
were obtained from 5% solutions of the chloronitroso-compounds in methyl alcohol (the latter 
having been freed as far as possible from dissolved oxygen by bubbling in nitrogen and then 
distilling it in an atmosphere of nitrogen). The solutions, contained in sealed tubes and kept 
cool by circulating water, were illuminated by several electric lamps. When the blue colour 
had faded completely, the tubes were opened, and the amount of chloride in 5 c.c. of each 
solution was estimated by Volhard’s method with 0-1n-silver nitrate. 

(b) Other products from y-chloro-y-nitrosovaleric acid. After complete photolysis of a 5% 
solution of y-chloro~y-nitrosovaleric acid in methyl alcohol, as described above, the solvent 
was removed under reduced pressure, and a yellow: oil remained. When this was shaken with 
dry ether, a solid product separated, and on crystallisation from a mixture of alcohol and ether 
this had m. p. 114° [Found: C, 39-7; H, 6-9; N, 7-7; M, ebullioscopic in alcohol (Menzies’s 
method), 182. C,H,,0,NCl requires C, 39-7; H, 6-7; N, 7°7%; M,. 181-5]. These results 
and the general properties of the substance led us to believe that it was the oxime hydrochloride 
of methyl levulate. This was confirmed by preparing a specimen of the compound, which had 
m. p. 115° and showed no depression in a mixed m. p. The ethereal solution from which this 
product had been isolated was washed with cold dilute potassium hydroxide until neutral and 
dried over anhydrous sodium sulphate. After distillation of the ether, a small amount of liquid, 
b. p. 90°/30 mm., was obtained. It formed a 2 : 4-dinitrophenylhydrazone, m. p. 139° (Found : 
C, 46-5; H, 4:5; N, 17-6. Calc. for C,,H,,O,N,: C, 46-5; H, 4:5; N, 18-1%), undepressed 
on admixture with the corresponding hydrazone prepared from methyl levulate, m. p. 139°. 
The presence of a small amount of methyl levulate, formed doubtless from the first product, 
was therefore established. We were unable to isolate any other products. 


© 
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The photolysis of :y-chloro~y-nitrosovaleric acid appears to be similar to that of B-chloro-f- 
nitrosobutane. As with the latter compound, after 1 mol. of hydrogen chloride is eliminated, 
two of the resulting unsaturated residues probably combine to form a double molecule. On 
standing, esterification takes place with the methyl alcohol, and the water thus set free reacts 
with the double molecule, liberating the oxime hydrochloride of methyl levulate. Un- 
fortunately, the product from the other half of the double molecule could not be isolated. 

(c) Other products from 6-chloro-B-nitroso-a8-diphenylbuiane. A 5% solution of the chloro- 
nitroso-compound in methyl alcohol was exposed to light as described above. When the 
photolysis had gone to completion the solution was faintly green. Removal of the solvent 
gave a greenish oil mixed with a white solid. The oil was washed out by a little methyl alcohol, 
and thé white solid crystallised from methyl alcohol; a product melting over the range 115— 
122° was obtained (Found: C, 80-6; H, 7:2; N, 6-2; M, 236. Calc. for C,,H,,ON: C, 80-3; 
H, 7:1; N, 58%; M, 239). The product was submitted to steam distillation in presence of 
dilute sulphuric acid, and an oil was obtained which crystallised on standing. After crystallising 
from light petroleum it had m. p. 43°, undepressed on admixture with «8-diphenyl-8-butanone. 
The solid product of photolysis is therefore the oxime of this ketone. Examination of the green 
oil led only to the isolation of a small amount of «8-diphenyl-$-butanone. To test for form- 
aldehyde, the solution after photolysis was submitted to steam distillation. The first part of 
the distillate, diluted with water, slowly formed a crystalline precipitate with dimedone; 
recrystallised from alcohol, this had m. p. 188—189°, undepressed on admixture with the 
derivative from formaldehyde. 

In this photolysis, therefore, we have no evidence of the formation of a double molecule. 
It seems likely that the two atoms of hydrogen necessary to convert the unsaturated residue 
(remaining after hydrogen chloride is split off) into the oxime of «8-diphenyl-§-butanone are 
obtained from the solvent, with the production of formaldehyde. 

Quantum E fficiencies.—The procedure was essentially that described by Mitchell and Cameron 
(loc. cit.), but the use of more suitable instruments permitted a reduction in the time of irradiation. 
An automatic carbon arc was again employed as light source. For most of the experiments, 
approximately monochromatic light was obtained from it by means of a single Christiansen 
filter together with a red glass filter. The former was immersed in a thermostat, and by regulat- 
ing the temperature, the wave-length of maximum transmission was made to correspond to 
the wave-length (4,) for which the solution under investigation showed maximum absorption. 
The concentration of the solution was selected in each case so that at least 99% of the light was 
absorbed. For the experiments at the shorter wave-lengths (A,) two Christiansen filters were 
used in series, and the red filter was replaced by a yellow one. The energy measurements 
were made with a large-surface Moll thermopile and a Cambridge d’Arsonval galvanometer having 
a resistance of 10 ohms. The two rectangular apertures each 2-6 x 1 cm. (see diagram in paper 
by Mitchell and Cameron, p. 1965) were replaced by circular apertures of 2 cm. diameter, and 
the exposed parts of the thermopile and reaction cell were each 1-8 cm. in diameter. A cylin- 
drical cell of 4 c.c. capacity and 1 cm. thickness was used for all but the experiments of 6100 
and 6140 a. For these, a similar cell of 7-91 c.c. capacity and 2 cm. thickness was employed. 
In all experiments the cells were filled completely with solution and were closed with well- - 
ground stoppers to prevent access of air during the irradiation. The Weston photronic cell 
(used with a recording galvanometer to give the variations in intensity of the light) was tested 
for fatigue with a constant light source (a filament lamp run at constant voltage from large 
capacity accumulators). In general, there-was a slight fatigue effect of a few units % during 
the first hour or so, but thereafter it was usually negligible. To make allowance for any such 
effect we measured the T/P ratio at the beginning and end of each pair of carbons. Our photo- 
electric colorimeter for determining the amount of decomposition was improved by using a 
Cambridge short-period galvanometer having a resistance of 600 ohms. 

Further work on chloronitroso-compounds is in progress. 


We thank the International Student Service for a maintenance grant (to K. S.), and the 
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the micro-analyses. 
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109. The Polarimetric Study of Intramolecular Rearrangement in In- 
active Substances. Part VIII. a- and B-Furfuraldoximes and Some 
Other Aldoximes. 


By T. S. PATTERSON, CHARLES BUCHANAN, and ALEXANDER J. SUMMERS. 


On repetition of some earlier work it has been found that, in confirmation of 
former results, there is no change detectable by our method of «-benzaldoxime or 
a-piperonaldoxime into the 8-forms, in ethyl tartrate solution; but that there is a 
slight change, formerly overlooked, of «-anisaldoxime into the 6-form. 

The «- and the @-form of furfuraldoxime have now also been examined. They 
seem to be quite stable at room temperature, but at 70° both undergo transformation 
to yield an equilibrium mixture containing approximately 55% of the a- and 45% 
of the B-oxime. 


In earlier parts of this series (see Part VII, J., 1929, 1895), experiments were described 
in which the change of certain B-oximes into the «-forms was followed quantitatively, by 
observing the alteration undergone by the rotation of certain optically active indicators 
in which the oximes were dissolved. A marked diminution of rotation occurred as the 
change, B-oxime to «-oxime, proceeded, whereas change in the opposite direction was 
not observed. This point was referred to specifically in the case of «-benzaldoxime 
(m. p. 35°) (see J., 1907, 91, 510, 513), where, with the means at our disposal, no alter- 
ation in rotation.was detected; the change appeared to be irreversible Similarly a solu- 
tion of «-anisaldoxime gave a rotation agreeing with the end rotation for the §-oxime 
(loc. cit., p. 516) and a similar observation was made for @-m-nitrobenzaldoxime (Ber., 
1907, 40, 2572). Without any very definite discussion of the point, it was at the time 
tacitly assumed, on the evidence available, that if there was an equilibrium in the oximes 
then examined, it lay so far to the side of the «-oxime as to be undetectable by our method. 
Recently, however, Theilacker and Chou (Amnalen, 1936, 523, 143) have examined anis- 
aldoxime, one of those used by Patterson and McMillan (J., 1907, 91, 504); and, by a 
melting-point method, found that on melting @(or «?)-anisaldoxime, or on allowing it to 
stand for 38 hours in ethyl d-tartrate, an equilibrium mixture of oximes was obtained 
containing about 7% of the B-oxime. From this, and from experiments with 2 : 6-di- 
chloro-3-nitrobenzaldoxime, they conclude that the transformations between all stereo- 
isomeric aromatic aldoximes lead to equilibrium mixtures, although in many cases the 
equilibrium may be greatly displaced towards one form or the other. 

In view of this we have recently repeated some of the earlier polarimetric work on 
this subject, and have made some additional observations. 


EXPERIMENTAL. 


B-Benzaldoxime (m. p. 126°) was re-examined in ethyl tartrate (the apparatus used being 
that described in J., 1908, 98, 1041) and gave the following data : 


p (relative to ethyl tartrate) = 95-5. 


0 - 40 80 105 350 1200 1370 wo 
a20, (100 mm.) 14-7° 146° 1454° 14-5° 14-1° 13-1° 12-99° 12-00° 


For comparison, two solutions of the isomeric «-benzaldoxime (b. p. 121°/19 mm.; m. p. 35°) 
were prepared and gave the following results : 


I,p = 95-52. . Il, p = 95-03. 


60 500 1590 100 605 1485 
12-02° 12-02° 12-02° 11-98° 11-98° 11-98° 


These data agree quite closely with those formerly found; the end rotation for the 6-oxime 
solution is, within the limits of experimental error, identical with that given by the a-oxime 
solution, and in addition the rotation of the «-oxime solutions does not alter with lapse of time. 

We re-examined also piperonaldoxime in similar fashion. At 20° the $-oxime (m. p. 
144—145°) gave these results : 
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p = 95-02; a = 125°. 
0 MID sivsccccrvisnccreccevssenste 0 15 60 105 135 450 ° 
029%, (100 mm.) ........0--eeeeeee 13-69° 13-66° 13-50° 13-38° 13-30° 12-77° 12-44° 


On the other hand the «-form (m. p. 110°) gave: 


p = 95-01. 
(mins.) 145 6940 
03%, (100 MM.) .....seseseseeseee 12-44° 12-44 12-44? 


The rotation of the solution containing the «-oxime thus showed no change of rotation 
with lapse of time, and its value was the same as that ultimately exhibited by the solution 
of the B-oxime. 

In this case also it appears, either that the a-oxime does not change into the 8-oxime under 
these conditions, or that the change is too slight to be detected by our method. 

When the rotation of the B-oxime solution had reached a definite end-point, the oxime 
was precipitated from solution by water. The substance thus obtained had m. p. 111°, mixed 
m. p. with pure piperonaldoxime (m. p. 110°) 109°. This also indicates almost complete 
conversion of the £- into the «-oxime. 

With §-anisaldoxime (m. p. 133°) the following data were obtained : 


p = 94-97. 
30 95 130 270 
15-47° 15-35° 15-27° 14-94° 


630 1405 1650 4980 
+14-67° 14-35° 13-62° 13-49° 12-86° 


These agree closely with the results recorded in J., 1907, 91, 516. 
The isomeric «-anisaldoxime (m. p. 65°), however, yielded these figures : 


p = 94-99. 
) 0 60 200 405 780 1185 2955 4740 
030. “100 mm.) ...... +12-55°  12-56° 12-58° 12-61° 12-65° 12-68° 12-74" 12-77 13°78° 


There is in the last case a slight upward change in rotation amounting in all to 0-23°, and it 
takes place so slowly as to amount to only 0-03° after 200 minutes, a fact which, especially 
since the other oximes examined had shown no change, may account for its having been over- 
looked previously. A very slight change of temperature would produce an equal effect. 
Theilacker and Chou estimate from their experiments that equilibrium between the two anis- 
aldoximes occurs in a mixture of 93% of the lower- and 7% of the higher-melting oxime. 
According to our present experiments, where the initial rotation in the B-oxime solution was 
+ 15°54° and in the «-oxime solution + 12-55°, there is a total difference of 2-99°. On the 
assumption—which may not be strictly correct, but is not likely to be seriously in error— 
that the change in rotation of the ethyl tartrate is directly proportional to the relative quan- 
tities of the oximes present, the change in rotation (0-23°) indicates a rearrangement of 
8% of the a- into B-oxime; that is, equilibrium is attained in ethyl tartrate solution at 20° 
when there are 8% of B- and 92% of a-oxime. This agrees quite closely therefore with Theilacker 
and Chou’s value: 

We have now extended our experiments to the furfuraldoximes, samples of which, m. p.’s 
89° and 73°,* were prepared for us by Miss J. M. Murdoch (Mrs. A. H. Lamberton), to whom 
we express our thanks. Solutions of these in ethyl tartrate were examined at 20°, with the 
following results : 

B-Furfuraldoxime (m. p. 89°), p = 95:1. 
95 260 1170 
15-27° 15-27° 15-27° 
a-Furfuraldoxime (m. p. 73°), p = 95. 
30 120 1260 
13-95° 13-95° 13-95° 


* Brady and Goldstein (J., 1927, 1961) record higher m. p.’s, viz., 91—92° and 75—76°. Mr. John 
Robertson has confirmed this in this laboratory, but our polarimetric experiments having been made 


before we became aware of Brady’s paper, we thought it unnecessary to — them with these slightly 
better specimens. 
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It thus appears that, at room temperature, (1) there is a difference (2-32°) in the effects of 
these two oximes on the rotation of ethyl tartrate at the concentration used, and that the 
oxime with the higher m. p. has the greater solvent influence, just as is the case with most, if 
not all, other pairs of oximes; (2) the rotation of either solution does not alter with lapse of 
time. Both oximes seem to be quite stable at room temperature in these circumstances. 

At a higher temperature (70°), however, interconversion was observed, as is shown by 
the following data (in this experiment a longer polarimeter tube was used) : 


f-Furfuraldoxime (m. p. 89°); p = 97-5, a = 0-66°. 
( ) 15 45 75 105 145 200 325 oo 
a7, (160 mm.) —-27-29° 27-25° -27-16° 27-06° 27-01° 26-94° 26-85° 26-73° 26-63° 
416 623 597 411 509 496 630 -— (mean) 5-118 


k is calculated from the equation k,[1/(t, — ¢)] log, (a — *,)/(a — %,), where a is the total 
change of rotation, and x, and *, are respectively the changes of rotation after times ¢, and #,, 


a-Furfuraldoxime (m. p. 73°); p = 97-51. 
FOIE) Secavccscsccrecere 0 30 55 120 165 200 240 285 330 ro) 
azo, (160 mm.) ......... +26-1° 26-15° 26-20° 26-27° 26-32° 26-36° 26-39° 26-42° 26-45° 26-63° 
3-31 439 2-73 332 338 384 3:95 3-42 — 


Here the two forms of this oxime appear to reach a definite equilibrium value, and since 
the total change of rotation is 1-19° (from 27-29° to 26-10°) and the change of rotation due to 
conversion of B-oxime into equilibrium mixture is 0-66° and the similar change in the a-oxime 
is 0-53°, the proportions in the equilibrium mixture would be about 55% of a-oxime and 45% 
of B-oxime. 

We also carried out some experiments with 2: 6-dichloro-3-nitrobenzaldoxime, which, 
however, was so insoluble in ethyl tartrate that results worth recording could not be obtained. 


ORGANIC CHEMISTRY DEPARTMENT, 
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110. Note on the Theory of Aromatic Substituents and Rearrange- 
ments with Special Reference to the Benzidine Change. 


By E. D. HuGues and C. K. INGOLD. 


The views previously expressed by Ingold and Ingold with regard to the distinction 
between the electron displacements involved in the orientation of aromatic substitution 
and their sequel in the substitution itself are explicitly modified. The nature of the 
modification, which depends on the recognition of the quantal nature of mesomerism, is 
illustrated by reference especially to the benzidine change. 


In their paper of 1926 (J., 1310) on the theory of aromatic substitution, Ingold and Ingold 
distinguished between what they called the “ directive process,” in which small electron 
displacements involving the unsaturation electrons of the aromatic ring confer special 
reactivity on certain positions, and the “‘ subsequent change,” in which the covalency 
rearrangement of the substitution is accomplished locally, without requiring a more exten- 
sive disturbance to the benzenoid character of the ring. This was their way of providing 
theoretically that the disturbance to aromatic character should be small in comparison with 
a covalency displacement : to the assumption of disturbances equivalent to the production 
in general of definite quinonoid intermediate products there were evident strong objections. | 
Robinson has recently emphasised a similar point in relation to his theory of oscillatory 
electron displacements (this vol., p. 220). In doing so he referred to the suggestion of 
Ingold and Ingold, who accordingly feel that they ought before now to have explained that 
they changed their point of view some time ago. The modification was, however, implicit 
in a theory published in 1929—1933 (Burton and Ingold, Proc. Leeds Phil. Soc., 1929, 1, 
421; Ingold, J., 1933, 1120; cf. also Chem. Rev., 1934, 15, 225, and Trans. Faraday Soc., 
1934, 30, 52), and was believed to be sufficiently emphasised by the altered basis of the 
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numerous discussions of reaction mechanism published subsequently to that period. It 
would seem, however, that a clearer statement is desirable.* 

Essentially the alteration of view consists in this, that, with the recognition of the 
quantal nature of mesomerism, theories which involve what we may call the chronology 
of electron displacements (those which specify a succession of electron displacements in an 
identical nuclear framework) become superseded. As example, consider a p-substitution 
by a diazonium ion orientated by a dialkylamino-group. The rate of reaction, and there- 
fore the orientation which is a function of this and other rates, will depend on the prob- 
ability and energy of the transition state. For fixed nuclear positions in this state, the 
electron distribution can be described in terms of the wave functions of certain structures.t 
In the absence of an orienting effect the structures necessary for an approximate description 
would be (I) and (II). What the orienting effect does (in the same approximation) is to 
add structure (III), thereby decreasing the energy of the transition state and facilitating 
the substitution, both absolutely and relatively to other possible reactions. Since (III) 
does not represent a formed compound, but only a structure required for the description of 
a state according to a recognised quantal method, there is no chemical objection to its 
inclusion. 


—_ H — H* = H 
oN oN 


From this point of view then it is not useful to try to specify from where immediately 
the electrons come which bind the diazonium ion at successive moments during the deter- 
minative period of the substitution; for indeed, it is the added uncertainty, created by the 
orienting effect, about where they might come from, which, according to the uncertainty 
principle, results in the loss of energy (electronic zero-point energy) on which the kinetic 
and chemical manifestations depend. As Burton and Ingold pointed out (loc. cit.), two or 
more converging (or diverging) electron displacements, in our example 


RA LS et <>". 


may for given nuclear positions be effectively simultanéous without violating the octet 
principle, and must be so regarded in order to secure that spreading of the electron distribu- 
tion which is the source of the energy changes. Thus from our point of view “ chronologi- 
cal”’ theories disappear, and it is noteworthy that, although at an earlier period many 
authors used them, often with elaborately adorned formule in illustration, these have to a 
large extent dropped out from recent literature with advantage (as we think) in simplicity 
and consistency.§ 


* For a short time Ingold and Ingold envisaged activation in meta-substitution; however, this 
idea was quite explicitly modified in 1927 when the general relationship between orientation and activ- 
ation was elucidated (Ingold and Shaw, J., 1927, 2918. Cf. also Ingold, Lapworth, Rothstein, and 
Ward, J., 1931, 1959; Ingold and Smith, J., 1938, 905; Bird and Ingold, ibid., p. 918; Benford and 
Ingold, ibid., p. 929; Ri and Eyring, J. Chem. Physics, 1940, 8, 433). 

t Sets of Kekulé and Dewar benzene structures will for brevity be represented by single structures. 

t It is true that the initial state also has a contributing structure of the quinonoid type (IIIa) ; 
but because of the absence of a second bond-forming atomic nucleus near the para-carbon atom, this 

H comparatively unstable structure will modify the initial state much less than 

RN 5d structure (III) modifies the transition state. We have here the quantal equivalent 

\=% Noe of what has long been recognised, viz., that orientation by the tautomeric electron 

(IIIa.) displacement is essentially a polarisability effect (Ingold and Shaw, loc. cit.). In 

the text we make the simplification of neglecting the minor effect on the initial state in comparison 
with the major and determinative one on the transition state. 

§ We ought perhaps to point out the distinction between chronology in the time-scale of electronic 
motions (to which the text refers) and chronology in the much coarser time-scale of nuclear motions. 
In the usual theory of adiabatic reactions the nuclei are considered to move classically on a potential 
surface, and if we say that the electrons keep pace with them (chronology in the time-scale of nuclear 
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A particularly good example of this simplification is the benzidine rearrangement. This 
has been discussed by Ingold (Rec. Trav. chim., 1929, 48, 797; cf. Ingold and Kidd, J., 
1933, 984) who assumed an ionic fission of the NN-bond, activated for heterolysis * by 
fluctuations in the local protonic environment. It has most recently been discussed by 
Robinson (loc. cit.), who arrived at the expression (IV), which he mistakenly attributed .to 
Ingold and Kidd, perhaps through lack of clarity on their part. Their actual representation 
was (V), which differs from (IV) by.a combined proton—a not unimportant difference having 
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regard to the difficulty of the idea of electron recession from an ammonium pole. Formula 
(V) means that the heterolysis takes place in the formally neutral molecule, and not in its 
fully formed cation, although the acid catalysis shows that one or more adding protons are 
present in the transition state of the rearrangement. On this view then, covalently bound 
protons first enter into the representations of the change in certain split structures which 
form important components in the re description of the transition state, e.g., (VI) 


wy 8S XO “Ne, wed 


(read without the arrows). In such a system the covalency displacements (arrows) needed 
to produce those other split structures which represent the development of the appropriate 
form of para-reactivity can be assumed without coming into conflict with any of the usual 
conceptions. 

We may collect these points as follows: (a) A nearby proton (at least one) disturbs the - 
electronic system of the benzidine molecule; (b) therefore this proton (at least) is present in 
the transition state; that is to say, its co-ordinates enter into the specification of the state ; 
(c) but its covalent bonding with nitrogen does not precede the NN-heterolysis; (d) and, 
accordingly, when the transition state is described in terms of canonical structures, the 
proton will enter into each, but will appear covalently bound only in those structures in 
which the NN-bond is split. (e) Therefore if the test question is put ‘‘ Does the para- 
reactivity arise in the neutral hydrazobenzene molecule or in the positive ion of its salts? ”’, 
our answer would be: “ Neithers, it arises in a partly formed ion (see VI) ; which moreover, 
even if fully formed, would not be the cation of a salt of hydrazobenzene, because it would 
contain one bond too few.” 

A powerful argument against homolysis of the NN-bond (fission into neutral parts) is 
that the benzidine change does not occur under conditions in which this form of dissociation 
is known to be considerable (Taylor and Baker, ‘‘ Sidgwick’s Organic Chemistry of Nitro- 
gen,” p. 386). Apart from such special reasons, it is always a safe assumption that an acid- 
. catalysed reaction, since it involves proton transfers, must in general involve heterolysis 
rather than homolysis. Heterolysis being assumed, the question to which Ingold and Kidd 
addressed themselves was whether the fragments remain in contact or become separated 
during the rearrangement. As mentioned by Robinson (loc. cit.), a substantial indication 
that they remain in association was obtained by Jacobson (Aunalen, 1922, 428, 76), who 
_from numerous unsymmetrical hydrazobenzenes AB failed to isolate any symmetrical 








motions), we mean that the electronic wave-functions do so. But, for periods of time which are long 
for electronic motion the nuclei can be considered fixed (e.g., in the transition state), and it is for such 
periods, in which’ the electronic wave-functions remain constant, that we refuse to discuss the chronology 
of electron motions. We would not, for example, admit the possibility of specifying the path of an 
oscillation of electrons, or of a circulation—except, of course, as a time-dependent wave-function shown 
to result from some (relatively slowly occurring) oscillation or circulation of nuclei, or from a disturbance 
by an external field. 

* The terms “ homolysis ” and “ heterolysis ’’ have been suggested for bond fission according to 
the schemes XY and X}- *Y respectively (the dots represent shared electrons), independently of the 
states of electrification of X and Y and of any concomitant covalency changes (Trans. Faraday Soc., 
1938, 34, 227). 


~ 
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benzidines AA or BB. Had the matter been left there, however, the objections would have 

‘been possible (a) that minor products are often difficult to isolate, and (b) that, if AB ionises, 
it will do so in a preferred direction, and that the parts A* and B- (unlike neutral parts) will 
lead necessarily to an unsymmetrical product of the type AB. Ingold and Kidd’s method 
was simultaneously and homogeneously to rearrange a suitably chosen pair of symmetrical 
hydrazobenzenes AA and BB, whose separated parts, A+, A~, B*, B~, certainly should produce 
AB, which was shown by thermal analysis to be absent. A collateral argument may be 
mentioned : if the fragments separate, they do so because their attraction for the solvent is 
greater than for each other; in the case of a reactive solvent this must lead to solvolysis 
(e.g., hydrolysis to an arylhydroxylamine and an arylamine), no certain evidence of which 
exists.* ‘ 

For these reasons we suppose the transition state, though largely ionic, to be also partly 
covalent; i.e., we assume its condition to be intermediate between the ionic and covalent 
extremes. It may be assumed that the positive and negative charges, distributed between 
the nitrogen and ortho- and para-carbon atoms of the fragments, and assisted by a partial 
and correspondingly distributed covalency, and by graphitic forces, hold the rings in nearly 
parallel planes in the transition state of the benzidine rearrangement. Because of the 
effect (see below) of orienting forces on the electronic energy, it is to be expected that, lead- 
ing out from the hydrazobenzene in different directions of configuration space, there will be 
several transition states, separated by energy hills, and corresponding to different relative 
orientations of the fragments in real space, and, of course, to different end-products 
(benzidine, diphenylines, o-benzidines, o- and p-semidines). We proceed to consider the 
p-benzidine transition state. As we do not yet know whether one or two adding protons 
are included in this state we shall omit them, and, quite formally, write negative charges 
on any atoms which ultimately receive protons. - 

In describing the electronic system of the benzidine transition state, we may refer first 
to the covalent (unsplit) component structures. According to the simplifying system of 
representation adopted (footnote, p. 609), if it were not for the orienting effect we should 
have to enumerate only the two component structure, (VII) and (XJ), in an initial approx- 


imation. The orienting effect, however, adds three more structures, (VIII), (IX), and (X). 
Disregarding stereochemical perspective, these may be depicted as follows : 


There are octet-preserving routes by which any of these structures can be converted into 
any other. Of the many possible conversions some involve a “ clockwise’ and others a 
“ counterclockwise ” displacement of the electrons, whilst yet others result from either 
clockwise or counterclockwise electron circulation. In conformity with the general point 
of view explained above, we do not enquire in what sequence clockwise and counterclock- 
wise displacements follow one another, although various hypotheses of the ‘“‘ chronological ”’ 
type could be made by combining the possibilities; we do not, for example, assume an 
“ oscillation.” The important point is that the existence of all this free inter-communi¢a- 
tion between the different conventional electron distributions (and, of course, between the 


* It has been suggested for tetraphenylhydrazine, where certainly the likelihood of separation into 


ions is greater than for diarylhydrazines, owing to the larger resonance energy rendered available by 
the four phenyl groups. 
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infinitude of intermediate unconventional ones) determines, on account of the uncertainty 
principle, an orienting effect energetically powerful enough to overcome what might have 
been thought to be an insurmountable inhibitory factor, namely, the considerable deform- 
ation of the nuclear system in the transition state of the rearrangement (see below). 

Turning to the ionic (split) structures, we should have to enumerate only four in the 
absence of the orienting effect, according to the simplifying conventions and standards of 
approximation here adopted.* The orienting effect, however, introduces many new 
structures. All are mutually interconvertible, and are interconvertible with the covalent 
structures, the whole assembly defining an extensive mesomeric system. Thus a con- 
sideration of the ionic structures adds further strong emphasis to the conclusions already 
reached. ° 

The stereochemical features of the benzidine change seem to us to be sufficiently striking 
to deserve discussion. There are two apparent difficulties. One is that, although in many 
substitutions and rearrangements much of the energy which must be added to the breaking 
bond in order to determine the fission can be assumed to be supplied by the forming bond, 
yet in the benzidine change most of the NN-bond energy must, for stereochemical reasons, 
be assumed to have been added before any large proportion of the CC-bond energy has been 
released. Much of the energy needed for the fission might be available as increased energy 
of electrostriction and solvation. A considerable amount is certain to be supplied from 
the resonance energy developed during the formation of the transition state, just as in the 
dissociation of hexaphenylethane. Moreover, even a small proportion of the CC-bond 
energy might constitute a significant contribution, for the NN-bond strength is quite small 
(about 24 kg.-cals./g.-mol.). Thus, although count also has to be taken of the polarisation 
energy associated with the covalency changes, it becomes most improbable that any plaus- 
ible assumption concerning the energy flow could lead to thermally inaccessible values of the 
activation energy of the rearrangement. 

This granted, there remains the difficulty that, however easily benzidine may in theory 
be formed, one might on stereochemical grounds have expected 00’-diaminodipheny] to be 
formed still more easily. We know that it is not, and that even of’-diaminodiphenyls 
(diphenylines) are produced more freely than their 00’-isomerides (o-benzidines). The 
experimental facility series,t benzidines > diphenylines > o-benzidines, and p-semidines 
> o-semidines, point consistently to a greater tendency in hydrazobenzenes to para- than 
to ortho-reactivity; and in.explanation we suggest that p-quinonoid structures, such as 
(VIII), (IX), and (X), introduce a greater resonance energy into the transition state in 
which they participate than do the corresponding o-quinonoid structures. Resonance 
energy is determined partly by the energies of the structures and partly by the relation 
between their electronic distributions, both these factors influencing the extent to which 
the electron mobility of the system is increased by its mesomerism. We have no reliable 
information as to how the first of these factors should operate in the case considered, but 
the second at least should work in favour of the suggested difference. 

A similar discussion could be given for the semidine rearrangement, in which (XII), 
(XIII), and (XIV) are typical structures for the description of a transition state, (XIII) 


being regarded as much more important than (XIV) in conformity with the accepted 
electrophilic character of reagents for aromatic hydrogen substitution. A corresponding 
theory can be applied to certain other rearrangements, ¢.g., that of phenylhydroxylamine. 


* One of these is (VI), read with Kekulé rings and without arrows, and bearing in mind also the 
convention subsequently introduced (p. 611) concerning the representation of adding protons. 

t+ A corresponding order may not apply to the rearrangement products of a-hydrazonaphthalene, 
but the published evidence on the subject needs revision. 
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The above view as to the positive polar character of the migratory group in the semidine 
change is maintained in spite of the recorded displacements of various groups other than 
hydrogen from the position of substitution. The displacement of groups which can be 
assumed to be ejected in a positive form presents no difficulty, but some groups, such as 
OAcyl, are almost certainly ejected as anions. Such displacements, however, have never 
been observed in the absence of a strong reducing agent ; they obviously involve a reduction 
(empirically OR is replaced by H), and therefore the addition of extraneous electrons to the 
system ; accordingly, the internally migrating group is still allowed to be positive. Employ- 
ing one structure of the transition state as a ‘‘ reaction formula ”’ (just as we often employ 
a Kekulé structure for the benzene ring)* a plausible reduction mechanism may be illustrated 
thus : 2e> 


H 
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111. p-Aminodimethylaniline. Part I. The Properties of its 
Diazonium Compounds.. 
By Ernest E. AyLinc, JoHN H. Gorvin, and LEONARD E. HINKEL. 


The diazotisation of p-aminodimethylaniline proceeds normally under the usual 
conditions. The solutions of the diazonium compound are very stable, but show 
anomalous behaviour towards copper bronze. Although the stability of the weakly 
acid solutions and their rate of reaction with amines or phenols vary greatly with 
the py value, the yield of azo-compound depends mainly on the substance coupled. 


TuE literature contains several incidental references to the diazotisation of p-aminodi- 
methylaniline in aqueous solution (Heidlberg, Ber., 1887, 20, 150; Hantzsch and Witz, 
Ber., 1902, 35, 896; Aitken and Reade, J., 1926, 1896) and to the coupling of the diazotised 
solution (N6lting, Ber., 1885, 18, 1144; D.R.-PP. 77169, 81376; Friedl., 3, 1008; 4, 799; 
Hochster Farb., D.R.-P. 87585), but in no case is the efficiency of the process indicated. 
Diazotisation by means of amyl nitrite in alcoholic solution was stated by Stollé (Ber., 
1912, 45, 2681; cf. Saunders, “‘ The Aromatic Diazo-Compounds and their Technical 
Applications,’* 1936, 19) to require careful attention to detail. 

Aromatic compounds containing a nuclear dimethylamino-group readily react with 
nitrous acid, the products depending upon the other substituents present and upon the 
experimental conditions; this effect is particularly well marked in the case of the p-sub- 
stituted dimethylanilines (compare inter alia, Reade et al., J., 1926, 1896; 1929, 2863; 
1935, 53; Hodgson e al., J., 1930, 277; 1932, 1812, 2976). The various possibilities, 
e.g., nuclear nitration, nitrosoamine formation, might all occur in the case of p-amino- 
dimethylaniline in addition to the normal diazotisation. Although the free amino-group 
should favour nuclear nitration in a neutral or weakly acid solution, yet the positively 
charged NH,* group, which is present in more strongly acid solutions and is actually 
involved in the diazotisation process (Hantzsch and Schiimann, Ber., 1899, 32, 1691), 
would reduce this tendency and might even favour nitrosoamine formation (compare 
Hodgson, J. Soc. Dyers Col., 1930, 46, 183). The positively charged NHMe,* group, 
present in acid solution, might also tend to inhibit diazotisation, although the inhibiting 
effect would probably be much less than that of the positive charge on the diazonium 
group in p-aminobenzenediazonium salts, which is such as to make direct diazotisation of 


* This common and useful convention has its dangers, in that the suggested sharp division of a 
reaction into the steps mesomeric state —> single structure —> product is in general quite illusory. 
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the amino-group extremely difficult (Griess, Ber., 1884, 17, 697; Nietzski, ibid., p. 1350; 
Schoutissen, J]. Amer. Chem. Soc., 1933, 55, 4535). 

Diazotisation of -aminodimethylaniline with nitrous acid occurs quantitatively, 
although very slowly, below 5°. The solutions so prepared are very stable towards boiling 
40% sulphuric acid, evolution of nitrogen not being complete in 2-hours. Addition of 
copper bronze, however, causes a rapid evolution of nitrogen in the cold, and a quantitative 
study showed that the volume of gas liberated corresponded to almost complete diazotis- 
ation, and was unaffected by use of excess of nitrous acid; in this decomposition dimethy]l- 
aniline was formed instead of the expected p-chlorodimethylaniline. It is probable that 
under these conditions the diazonium compound is reduced by means of the copper. 

Diazotisation of the base in hydrochloric acid solution, with subsequent addition of a 
10% cuprous chloride solution, gave p-chlorodimethylaniline at temperatures above 80° 
(compare Heidlberg, loc. cit.), the yield being 80%. Addition of an excess of potassium 
iodide to a similarly diazotised solution in hydrochloric acid leads to precipitation of 
p-iododimethylaniline on warming, but the reaction proceeds very slowly. In carrying 
out the diazotisation under diverse conditions no evidence was obtained for the formation 
of nitrosoamines or of nuclear-substituted nitro- or nitroso-compounds. It is thus evident 
that the diazotisation of p-aminodimethylaniline in hydrochloric acid solutions, although 
slow at low temperatures, as expected, is otherwise normal and requires no special con- 
ditions. Diazotisation of the amino-group apparently forestalls any of the substitution 
reactions usually found in the p-substituted dimethylanilines and the diazonium compound 
formed is unaffected by excess of the reagent whether this be nitrous acid (as formed under 
ordinary conditions) or nitrogen trioxide in ether, acetone or hydrochloric acid (compare 
Stollé, loc. cit.). 

When #-aminodimethylaniline was diazotised and coupled either with dimethylaniline 
in weakly acid solution (Nélting, loc. cit.) or with pyrogallol in alkaline solution (Friedl., 
4, 799), a very poor yield of azo-compound was obtained; much nitrogen was evolved and, 
in the latter case, some dimethylaniline was formed. These results indicate that the 
diazonium solution decomposes at a rate comparable with that of the coupling process. . 
Hantzsch (loc. cit.) noted the formation of a resinous decomposition product on adding 
alkali to the diazo-solution, and. Stollé (loc. cit.) found that the diazonium chloride decom- 
posed on warming in aqueous solution. 

In acid solution, #-dimethylaminobenzenediazonium chloride should be analogous to 
the very stable diazonium chlorides derived from the #-chloro-, -bromo-, -iodo-, and 
-nitro-anilines (compare Snow, Ind. Eng. Chem., 1932, 24, 1420) in view of the positive 
charge on the NHMe,* group (compare also Reilly and Drumm, J., 1935, 871). Unlike 
p-aminodimethylaniline, the monomethyl compound cannot be diazotised (Hantzsch, 
loc. cit.; see also Saunders, op. cit., p. 63). 

The above considerations of stability of diazonium salt solutions can only be applied 
to solutions lying on the acid side of p, 3-5. In the region between p, 3.5—7, these 
solutions in general consist of mixtures of diazonium and diazo-hydroxides and become 
increasingly unstable as the neutral point is approached (see Saunders, op. cit., p. 72). 
Qualitative experiments show that changes in p, have a marked influence on the stability 
of #-dimethylaminobenzenediazonium chloride: a solution in dilute hydrochloric acid is 
rendered much less stable by addition of salts such as sodium acetate, and alkali hydroxides 
cause immediate and rapid decomposition in the cold. 

The stability of diazo-compounds in weakly acid solutions has received but little 
attention, and is complicated by the difficulty of obtaining an accurate measure of the 
stability. Titration of the diazo-compound which remains unchanged after a given 
period of time (Marriott, J. Soc. Dyers Col., 1936, 52, 172) is of little value if it has any 
tendency to couple with the phenol produced in the decomposition, and methods based on 
measurement of evolved nitrogen are not accurate, for a diazo-group is never completely 
eliminated as nitrogen in the decomposition (Oddo and Indovina, Gazzetta, 1935, 65, 1037). 
A method was therefore devised by which the stability of diazotised p-aminodimethyl- 
aniline was evaluated by observing the temperature at which an opalescence appeared 
(“incipient decemposition temperature ’’) in the previously clear diazo-solution in the 
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presence of standard buffer solutions, whose ~, values between the limits 4-0—6-5 had been 
previously determined by means of hydrogen and calomel electrodes (see p. 618). Although 
the method is not capable of great accuracy, owing partly to personal error in observing the 
appearance of the opalescence, the results nevertheless give a measure of stability from 
which certain deductions may be made. The decomposition points, which vary between 
36° and 83° and have an accuracy within a few degrees, probably represent the temperature 
at which the decomposition proceeds fast enough for the reaction products just to become 
visible. Hence, the success of the method is due to the high temperature coefficient of the 
decomposition, a rise of a few degrees greatly increasing the speed of reaction. 

When the incipient decomposition temperature for each buffer solution was plotted 
against the , values, the points lay on a fairly smooth curve (see figure), clearly showing 
the decrease in stability with the increase in ~, value (compare Marriott, Joc. cit.). A 


Stability—pq curves for diazotised p-aminodimethylaniline. 
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I. Original solution : 5 g. of base/200 c.c. 
II. Original solution : 2-5 g. of base/200 c.c. 


similar curve, parallel to the first but representing higher temperatures, was obtained by 
repeating the determinations with solutions in which the concentration of diazo-compound 
was halved; in these solutions, at a given p, value, a higher temperature was necessary for 
the decomposition products to become visible. The curves bear a resemblance to that con- 
structed for diazotised p-nitroaniline from Marriott’s results (Saunders, op. ¢it., p. 72). 
In each case there is a fall from high stability at p, 3-5 to a very low stability at p, 7-0. 

The stability curves, in general, indicate that the concentration of diazo-hydroxide 
must be the factor governing the rate of decomposition, because an increase in the pp 
value, which decreases the stability, at the same time increases the extent to which the 
diazonium salt is converted into the un-ionised diazo-hydroxide (compare Hantzsch, Ber., 
1898, 31, 1612; 1900, 33, 2147). In this conversion the change from quadricovalent 
positive nitrogen to tercovalent neutral nitrogen involves an appropriation by the positive 
nitrogen of one of the covalent pairs of electrons (I; process a) : 


(1) Oe «x + OH— ¢ >-N=N-0H 
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The tendency for this appropriation would be increased by a #-nitro- but diminished by a 
p-dimethylamino-group; consequently at a given ~, value the concentration of un- 
ionised diazo-hydroxide in a solution of diazotised p-aminodimethylaniline is lower than 
that in a solution of diazotised p-nitroaniline. This difference accounts for the relatively 
high stability of the former between p, 4 and f, 5 as compared with the rapid fall in 
stability of the latter over the range of p, 3-5—7-0. At the same time; the nitro-group 
has a certain stabilising effect on the diazo-hydroxide, since at p, 7 the stability of diazotised 
p-nitroaniline is higher than that of diazotised aniline. Diazotised p-aminodimethyl- 
aniline decomposes rapidly in alkaline solution even at low temperatures, whereas under 
the same conditions diazotised #-nitroaniline forms a highly stable tsodiazotate. Diazotised 
aniline is unstable in alkaline solution owing to the formation of the unstable normal 
diazotate. 

Decomposition of diazotised p-aminodimethylaniline in alkaline and weakly acid solu- 
tions affords nitrogen, a diazo-resin, and some dimethylaniline. The resin is similar in its 
properties to those described by Oddo and Indovina (loc. cit.) and must be formed in a 
similar manner, i.e., mainly by the coupling of unchanged diazo-compound with the 
phenolic product of decomposition. The formation of dimethylaniline (see p. 619) conforms 
with the general behaviour of diazo-compounds in these circumstances (Jolles, Atti R. 
Accad. Lincet, 1932, 15, 292). 

The coupling reaction with diazotised amines proceeds normally under those conditions 
in which the formation of un-ionised diazo-compounds is possible (Goldschmidt, Ber., 1895, 
28, 2020; Schoutissen, loc. cit.; Rec. Trav. chim., 1935, 54, 381; Pelagatti and Ricci, Amn. 
Chim. appl., 1935, 25, 603), the diazonium ion showing little or no tendency to take part 
in such reactions (compare, however, Wistar and Bartlett, J. Amer. Chem. Soc., 1941, 63, 
413). The reaction may be represented by the following mechanism : 


8+ 
R —N=N| 











R’ 

8+ 
It may thus be considered as dependent on the tendency for the development of a positive 
charge on the nitrogen atom farthest from the nucleus (compare Hanser and Breslow, 7bid., 
p.418). Although a powerful electron-attracting group (e.g., NO,) will assist in the formation 
of the positive charge (see II), a p-substituted dimethylamino-group, with its strong 
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tautomeric effect, will diminish the tendency for positive-charge formation (see III). The 
tendency for diazotised p-aminodimethylaniline to take part in coupling reactions should 
therefore be comparatively decreased, and good yields of azo-compounds will only be 
obtained when the amine or phenol employed contains highly activated coupling positions, 
e.g., «-naphthylamine and resorcinol. When coupling takes place in weakly acid solutions, 
the ~, value would not be expected appreciably to influence the yield of azo-compound, 
for, in a diazo-solution, the ~, value determines only the concentration of the diazo- 
hydroxide and has no bearing on either its coupling power or its stability. It is evident, 
however, that a low ~, value should have the effect of increasing the time necessary for the 
completion of the ‘‘ coupling-decomposition ”’ process, owing to the relatively small amount 
of un-ionised diazo-hydroxide present in the solution, and the rate of coupling of diazotised 
amines has been shown to be a simple function of the hydrogen-ion concentration (Conant 
and Peterson, J. Amer. Chem. Soc., 1930, 52, 1220; Blumberger, Rec. Trav. chim., 1930, 
49, 280). Moreover, it is the free amine and not its salt which couples (Goldschmidt and 
Merz, Ber., 1897, 30, 670) and the concentration of this also depends on the #, value. 
Change of temperature in the coupling reaction should influence both the rate of 
coupling and the rate of decomposition. The stability of diazotised p-aminodimethyl- 
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aniline in weakly acid solution is, however, so sensitive to temperature change that it is 
advisable to keep the temperature low in the coupling reactions. 

The results of a number of experiments substantially verified the above conclusions. 
In nearly all cases the coupling reaction was exceedingly slow and was accompanied by a 
steady decomposition. On raising the fg value, the rate of coupling and the rate of 
decomposition both increased, without influence on the yield of azo-compound. Increase 
of temperature was sometimes found necessary to complete the slower couplings but the 
yield was not noticeably affected. The yields of aminoazo-compounds obtained under the 
best conditions are, when arranged in descending order, in close agreement with the usual 
order of coupling reactivity of the amines concerned : 


Yield of Yield of 
azo-com- Colour of azo-com- Colour of 
Amine. pound, %. azo-compound. Amine. . pound, %. azo-compound. 
m-Phenylenediamine 94 Brick-red NE cteciscmiapiiiinn 40 Purple-brown 
a-Naphthylamine ...... 91 Dull red Anthranilic acid ...... 37 Brown 
-Naphthylamine...... 84 Dark red Sulphanilic acid ...... 19 Yellow 
aphthionic acid ...... 44 Purple-brown Dimethylaniline ...... <20 Orange 


The coupling of diazotised -aminodimethylaniline with phenols was expected to show 
certain differences from the process considered above. Amints couple with diazo-solutions 
in the region #, 3-5—7, whereas phenols normally couple over the range f, 5-0—9-0 
(Saunders, op. cit., p. 104), .e., in the region where diazotised p-aminodimethylaniline has 
its lowest stability. On the other hand, phenols are usually more reactive than amines. 
As in the experiments on the coupling of amines, good yields of azo-compound were 
expected only from phenols having highly activated coupling positions. In the coupling 
of phenols, considerations of #, value are of some importance. It is well known that the 
rate of coupling is decreased by excess of alkali, owing to a decrease in the amount of 
hydrolysis of the metal diazotate and phenoxide, but since the stability of diazotised 
p-aminodimethylaniline decreases with increasing alkalinity, it follows that its coupling with 
phenols should be carried out in solutions of a #, value just high enough to give a con- 
veniently rapid rate of reaction, but not necessarily in the alkaline region as is generally 
recommended. The temperature should also be kept as low as possible, since, with diazo- 
tised p-aminodimethylaniline, temperature change has a somewhat greater effect on the 


rate of decomposition than on the rate of coupling, as shown by the following data obtained 
with pyrogallol : 


BOND. «,ccrcccccssdvicsssderendavessccecschosscisoquatesées — 15° —10° +25° 
ield of azo-compound, % .......seseseseeeeeeeeee 54 42 


The yields of hydroxyazo-compounds obtained under the best conditions are summarised 


below, and the sequence may be compared with that obtained by Meyer, Irschich, and 
Schlosser (Ber., 1914; 47, 1753). 





Yield of Yield of 
azo-com- Colour of azo-com- Colour of 
Phenol. pound, %. azo-compound. Phenol. pound,%. azo-compound. 
a-Naphthol ............ 97 Dark brown PAB cccrcrcccesosesses 70 Dull red 
Resorcinol ..........++0+. 96 Purple brown Pyrogallol  ........+.0. 56 Yellow-brown 
B-Naphthol ............ 87 Blue-black Salicylic acid ......... 12 Brown 
B-Naphthol-6-sul- 
phonic acid ......... 76 Crimson 


In the coupling with §-naphthol the yield could be increased to 93% by raising the py 
value by means of sodium acetate only, as in the coupling of amines. Many phenols, how- 
ever, are too soluble in acid solution for this method to be applicable; ¢.g., 6-naphthol-6- 
aes acid will not couple in sodium acetate solution. In the case of y-acid (7-amino- 

1-naphthol-3-sulphonic acid), the solution had to be made alkaline quickly, since the 
coupling position is governed by the amino-group in acid solution and not by the hydroxy- 
grou 

a the coupling of diazotised p-aminodimethylaniline with amines and phenols there 


was only one case, that of dimethylaniline, where any resinous substance was detected ; 
TT 
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on the other hand, diazotised «-naphthylamine gives a large amount of diazo-resin when 
its coupling with salicylic acid is attempted (Frankland, J., 1880, 37, 746). This fact is 
evidently related to the lower coupling reactivity of the p-hydroxydimethylaniline than 
of the naphthol formed in the decomposition of the respective diazo-solutions. 


EXPERIMENTAL. 


Diazotisation of p-Aminodimethylaniline.—The base, prepared by the method of Jacobs and 
Heidelberger (J. Biol. Chem., 1915, 21, 114) but extracted with purified benzene instead of with 
ether, was diazotised with the requisite amount of sodium nitrite in hydrochloric acid solution 
at room temperature. The amount of diazonium compound could not be determined by 
measuring the nitrogen evolved on boiling with 40% sulphuric acid owing to the very slow rate 
of decomposition. In presence of copper bronze, however, the decomposition is sufficiently 
accelerated to enable this procedure to be followed, provided that the reaction is performed in 
a neutral atmosphere, since a mixture of copper bronze and hydrochloric acid readily absorbs 
oxygen. Under these conditions, a 2% solution of p-aminodimethylaniline in hydrochloric acid 
(2n, 4n, or 8N), when treated with the requisite amount of sodium nitrite, or even with 50% 
excess, consistently yielded 90—95% of the theoretical volume of nitrogen. Similar results were 
obtained in comparative experiments with p-toluidine and p-anisidine. 

Action of Copper Bronze on Diazotised p-Aminodimethylaniline.—p-Aminodimethylaniline 
(4 g.), in hydrochloric acid (15 c.c.) and water (15 c.c.), was diazotised with sodium nitrite 
(2-1 g.) in water (15 c.c.). Copper bronze (10 g.) was added and, when the evolution of nitrogen 
had ceased, the mixture was made alkaline and steam-distilled. Evaporation of the dried 
ethereal extract of the distillate yielded dimethylaniline (1-6 g., 45%), identified by conversion 
into p-nitrosodimethylaniline, m. p. and mixed m. p. 85°. 

p-Aminodimethylaniline, diazotised as described above, behaved normally with cuprous 
chloride and potassium iodide, yielding p-chlorodimethylaniline, m. p. 33-5° (80%) (Heidlberg, 
loc. cit.) and p-iododimethylaniline, m. p. 80° (33%), respectively. 

Action of Nitrogen Trioxide on p-Aminodimethylaniline—Nitrogen trioxide was led into a 
solution of the base (2 g.) in ether (50 c.c.) at 0°; the solution became dark green and then 
brown, a brown plastic mass finally separating. The latter could not be recrystallised but its 
properties corresponded to those of #-dimethylaminobenzenediazonium nitrite, for it exploded 
on heating and was soluble in alcohol, water, and acids. The aqueous solution decomposed on 
warming, with evolution of nitrogen. A similar reaction occurred in acetone solution, the 
diazonium compound separating on addition of ether. 

_ When nitrogen trioxide was passed into a solution of p-aminodimethylaniline in concentrated 
hydrochloric acid at 0° -dimethylaminobenzenediazonium chloride was produced. 

Qualitative Examination of the Stability of Diazotised p-Aminodimethylaniline.—The base 
(8 g.) in hydrochloric acid (30 c.c.) and water (30 c.c.) was diazotised with sodium nitrite (4-1 g.) 
in water (20 c.c.), and the solution diluted with water to 200 c.c. Using 5 c.c. for each test, a 
comparison was made of the effect of 10 c.c. of 4n-solutions of various salts and bases on the 
stability of the solution. The results were as follows : 


pu Range of 


Added salt. solution. Observation. 
NH,Cl or AgNO, 3-5 No decomp. apparent at 100° 
Na,HPO,, (NH,),C,0,, NaOAc, 3-5—7-0 Considerable Tae. at 50°, with formation of 
Pb(OAc),, or CaCO, (solid) N,, NMe,Ph, and a dark resinous substance 
Pb(OH), (solid), (VHa)2COs, NH,OH, 7-0 Decomp. rapid at 20° 
Na,CO;, or NaO 


The Relation between pq Value and Stability—(a) Preparation of solutions. p-Aminodi- 
methylaniline (5 g.) in hydrochloric acid (80 c.c.) and water (80 c.c.) was diazotised with sodium 
nitrite (2-5 g.) in water, and the solution diluted to 200 c.c. Buffer solutions were prepared as 
follows: 5 c.c. of the above solution were diluted to 50 c.c. with a mixture of water and super- 
saturated sodium acetate solution (125 g. of anhydrous A.R. salt in 200 c.c. of solution). By 
varying the composition of the mixture in each case solutions of different pg value were 
obtained; these all contained the same concentration of diazo-compound, and were of a 
uniform golden-yellow colour. A second series of solutions was prepared by treating 2-5 g. of 
the base exactly as described above. 

(b) Measurement of pg values. A hydrogen electrode vessel containing the solution was 
combined with a normal calomel electrode by a saturated potassium chloride bridge solution, 
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and the E.M.F. of the complete cell measured. The results were reproducible and were in 
excellent agreement with those obtained by using a quinhydrone electrode, although the 
hydrogen electrode was rather more refable at the higher pg value. 

(c) Determination of stability. The diazo-solution (5 c.c.), contained in a boiling-tube 
(2-5 cm. x 15 cm.) provided with a thermometer and a glass stirrer, was partly immersed in 
water (20 c.c.) contained in a larger boiling-tube (4 cm. x 16 cm.) and was held in position by 
a cork ring separating the two tubes. The apparatus was supported on a wire gauze in front of 
a hole cut in a cardboard screen, behind which was an opal electric light bulb so arranged that 
light shone directly through the diazo-solution. As it was essential that these solutions should 
be perfectly clear, they were in all cases filtered just before use. The apparatus was heated by 
a Bunsen burner, and the temperature noted at which a sudden opalescence appeared in the 
solution: the mean of 6 readings was taken as the ‘‘ incipient decomposition ’’ temperature. 
The values obtained were almost independent of the rate of heating, so long as a steady increase 
was maintained in the region immediately below the temperature of change. The results are 
given below. 


E.M.F. Mean E.M.F. Mean E.M.F. Mean 
of cell decomp. of cell decomp. of cell decomp. 
(volt). pu- temp. (volt). pu: temp. (volt). pu- temp. 
Solution I: 5 g. of base/200 c.c. 
0-689 6-95 S 0-603 5-47 51° 0-564 4-79 69° 
0-657 6-43 36° 0-588 §-21 60 0-552 4-59 71 
0-643 6-00 41 0-581 5-09 62 0-526 4-14 83 
0-630 5-93 - 40 0-577 5-02 65 0-359 1-26 t 
0-605 5-50 52 0-567 4-84 69-5 
Solution II: 2-5 g. of base/200 c.c. 
0-635 6-02 47 0-605 5-50 61-5 0-584 5-14 71 
0-620 5-77 54 0-593 5-29 67 0-568 4-86 75 
* = Unstable at room temperature. +t = No change at 100°. 


Action of Alkali on Diazotised p-Aminodimethylaniline.—p-Aminodimethylaniline (5 g.) in 
hydrochloric acid (10 c.c.) was diazotised with sodium nitrite (2-5 g.) in water (15 c.c.). On 
addition of excess of 4n-sodium hydroxide there was a copious evolution of nitrogen. Steam- 
distillation of the mixture yielded a small quantity of dimethylaniline, identified by conversion 
into p-nitrosodimethylaniline. The solid resin remaining in the flask was soluble in benzene, 
from which it was precipitated as a brown powder by addition of light petroleum (b. p. 80— 
100°). The resin, which dissolves in acids to give an intensely red solution, is insoluble in alkalis. 
It therefore may contain an o-hydroxyazo-compound, possibly 3-p-dimethylaminobenzeneazo- 
4-hydroxydimethylaniline or the corresponding bisazo-compound. 

The Coupling of Diazotised p-Aminodimethylaniline.—The diazo-solutions used in the 
coupling experiments were prepared by the following standardised procedure. -Aminodi- 
methylaniline (1 g.) in a mixture of hydrochloric acid (2 c.c.) and water (10 c.c.) was diazotised 
with sodium nitrite (0-51 g.) in water (5 c.c.) at 5—10°, any excess of nitrous acid being removed 
by addition of urea. 

(a) With amines. To the above solution was added the molar equivalent of the amine in 
water, alcohol, etc., as given below. Sodium acetate (5 g.) in water (20 c.c.) was then added, 
and the mixture kept for 2—3 days at room temperature. After filtration, the solution was 
kept at 40° to ensure that the reaction was.completed. The total yields and colours of the azo- 
compounds are summarised in the table on p. 617, and additional individual data are: p-phenyl- 
enediamine hydrochloride (1-33 g.) in water (20 c.c.), the mixture was basified before filtration ; 
a- and §-naphthylamines (1-06 g.) in alcohol'(5 c.c.), followed by water (60 c.c.); naphthionic 
acid (1-65 g.) and y-acid (1-76 g.) in aqueous sodium hydroxide, followed by acetic acid, the- 
mixtures being neutralised before filtration; anthranilic acid (1-01 g.) and sulphanilic acid 
(1-27 g.) each in water (10 c.c.); dimethylaniline (0-9 g.) in acetic acid (15 c.c.)—the small yield 
of dye was contaminated with tar, probably derived from decomposition products, the coupling 
tendency being very low. 

(b) With phenols. To the above diazotised solution was added the molar equivalent of the 
phenol in alcohol or 50% aqueous alcohol, and 4n-sodium hydroxide solution was gradually 
added at — 10° until the neutral point was reached, whereupon the reaction was found to be 
complete. The yields and colours of the resulting azo-compounds are given in the table on 
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p. 617. With Schafer’s acid, sodium chloride was added to complete the separation; an aqueous 
solution of the dye is crimson, changed to orange-red by addition of acid or alkali. With 
salicylic acid, dilution of the solution before neutrali@ation caused no appreciable difference 
in yield. 


The authors’ thanks are due to Imperial Chemical Industries, Ltd., for a grant and gifts of 
chemicals. 


UNIVERSITY COLLEGE, SWANSEA. [Received, January 16th, 1941.) 





NOTE. 


The Cure of Bumping in Mercury—Glass Diffusion Pumps. By N. K. Apam and E. W. BALson. 
THE violent and sometimes dangerous bumping which often occurs, when the mercury and 
glass are clean, may be quickly cured by allowing a few hundred c.c. of hydrogen sulphide to 
pass through the pump at atmospheric pressure and room temperature. Two pumps, which 
bumped badly before this simple treatment, boiled perfectly smoothly for a long time after- 
wards; dnd the vacuum was unimpaired.—UNIVERSITY COLLEGE, SOUTHAMPTON. ([Received, 
May 31st, 1941.] 





112. Monothiophthalimide and Some Derivatives of Oxindole. 
By J. C. Porter, Str ROBERT RoBINson, and (the late) M. WyYLER. 


The work described in this communication was carried out in 1935 and its original 
objective was the synthesis of dl-eserethole essentially by the method published in the 
same year by Julian and Pikl. The opportunity was taken to make a series of new 
derivatives of N-methyloxindole, which is now readily accessible by the method of 
Stolle (1930). The paper includes a number of miscellaneous observations which are 
now brought together in view of the work of Drew and Kelly (following paper), of which 
we had cognisance a year orsolater. The introduction which follows is a brief summary 
of the salient points. 


THE action of sodium hydrosulphide on phthalonitrile gives an excellent yield of 
o-cyanothiobenzamide, CN-C,H,°CS°NH, (I), and this substance is converted by hydrochloric 
acid into the red monothiophthalimide (II), doubtless by the formation and hydrolysis of the 
imine (III), which was not isolated. Dithiophthalimide (Pratt and Brill, Philippine J. Scz., 
1914, 9, A, 105) is also a red substance. The sulphur atom in thiophthalimide is reactive ; 


CS cs 
CX Na Nn | l Kom 
Pi Z O HN 
© CNH NMe 0 
(II.) (III.) (IV.) 


for example, on heating with aniline, a phenylimine is produced. Condensation with 
N-methyloxindole in presence of piperidine gave (IV), and the quinophthaline of Ebner and 
Lange (Aunalen, 1901, 315, 351) was readily obtained by reaction with quinaldine. The 
expected condensation with «-naphthol did not occur, but instead bismetaindolone (- 
isoindigo) (Liebermann and Bistrzycki, Ber., 1893, 26, 539) was produced. This substance 
is also obtained by heating thiophthalimide with copper bronze or, better, with oxindole. 
N-Methyloxindole reacts with ethyl oxalate in the presence of alcoholic sodium ethoxide to 
give ethyl N-methyloxindole-3-oxalate in almost theoretical yield. Extrusion of the oxalyl 
group occurs on coupling with diazonium salts. 

Vanillylidene, p-dimethylaminobenzylidene, and anhydrocotarnine derivatives of N- 
methyloxindole have been prepared. The 6-aminopiperonylidene derivative shows little 
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tendency to undergo ring closure to a quinindoline, but the reaction was accomplished by 
heating with aminosulphonic acid in quinoline solution and this method may have more 
general application. N-Methyloxindole condenses readily with isatin-«-anil in acetic 
anhydride solution with the formation of N-methylindirubin. 

According to Borsche, Weussmann, and Fritsche (Ber., 1924, 57, 1149) the nitration of 
oxindole gives the 6-nitro-derivative and not the expected 5-nitro-compound. We assume 
that the nitro-N-methyloxindole which we have prepared is similarly constituted but have 
no independent evidence of this orientation. 


EXPERIMENTAL. 


o-Cyanothiobenzamide (I).—Phthalonitrile (40 g.) was boiled with alcohol (200 c.c.), and the 
solution cooled. Aqueous sodium hydrosulphide, prepared by saturating a solution of sodium 
sulphide (100 g. cryst.) in water (100 c.c.) with hydrogen sulphide, was added to the resulting 
suspension and a slow stream of hydrogen sulphide was then passed through the stirred mixture 
for 6 hours. The yellowish-brown needles which separated were collected, washed with water, 
and dried at 90°. More of the product was obtained by diluting the dark red filtrate with water 
and adding hydrochloric acid to it until it was only faintly alkaline (total, 45 g.).. This material 
may be employed for.the preparation of thiophthalimide. The substance is sparingly soluble 
in the usual organic solvents; it dissolves freely in hot acetic acid, but is so transformed into 
monothiophthalimide. It gives deep red solutions in pyridine and quinoline, but could not be 
crystallised from these solvents. 

A portion was purified for analysis by solution in dilute aqueous sodium hydroxide and 
precipitation from the deep red solution with carbon dioxide. After washing with water and 
alcohol and drying at 100°, the product decomposed at about 218° (Found: C, 59-5; H, 4-0; 
N, 17-1; S, 20-1. C,H,N,S requires C, 59-3; H, 3-7; N, 17-3; S, 19-7%). 

Monothiophthalimide (I1).—o-Cyanothiobenzamide (20 g.) was boiled with water (500 c.c.), 
concentrated hydrochloric acid (70 c.c.) added, and the suspension boiled for 2—3 minutes. 
The needles that separated were collected and dried at 90° (yield, 85%). The substance crystal- 
lised from benzene in large, red needles, m. p. 175° (Found: C, 58-8; H, 3-2; N, 8-6; S, 19-9. 
C,H,ONS requires C, 58-9; H, 3-1; N, 8-6; S, 19-6%). It may be sublimed (needles) under 
diminished pressure without decomposition. . 

On treatment with cold concentrated aqueous sodium hydroxide a yellow sodium salt was 
formed. Hot alkaline solutions hydrolysed it to phthalamic acid. 

Phenyliminophthalimidine.—Thiophthalimide (6 g.) and aniline (3-4 g.) were heated together 
at 170° for 30 minutes, a brisk evolution of hydrogen sulphide occurring. After cooling, the brown 
mass crystallised from alcohol in pale yellow needles (6-6 g.), m. p. 170° (Found: C, 75-7; H, 
4-7; N, 12-7. C,H, ON, requires C, 75-7; H, 4:5; N, 12-6%). 

' On boiling the anil with hydrochloric acid or with acetic anhydride, phthalanil was produced. 
Boiling with 10% aqueous sodium hydroxide gave aniline, ammonia, and sodium phthalate. 

A nhydrophthalimide-N-methyloxindole (IV).—A mixture of thiophthalimide (4 g.), N- 
methyloxindole (3-6 g.) (Stolle, J. pr. Chem., 1930, 128, 1), alcohol (40 c.c.), and piperidine 
(3 drops) was refluxed for 1 hour. The orange crystals that separated (6-3 g.) were recrystallised 
from acetic acid; m. p. 242° (Found: C, 74-0; H, 4-4; N, 10-2. C,,H,,0,N, requires C, 73-9; 
H, 4-3; N, 10-1%). 

B-Quinophthaline.—Thiophthalimide (4 g.) and quinaldine (3-5 g.) were heated at 170° for 
30 minutes, hydrogen sulphide being rapidly evolved. The product crystallised from acetic 
acid in square, yellow prisms (5-4 g.), m. p. 213° (Ebner and Lange, Joc. cit., give m. p. 213°). 

Bismetaindolone.—Thiophthalimide (4 g.) and a-naphthol (3-6 g.) were heated together for 
2 hours at 180°; a little hydrogen sulphide was evolved and the melt gradually solidified. The 
product was boiled with hot alcohol, leaving small, yellowish-brown prisms (1-5 g.), practically 
insoluble in all organic solvents, and not melting below 350°. - The substance is evidently the 
bismetaindolone of Liebermann and Bistrzycki (loc. cit.) (Found: C, 73-2; H, 4:2; N, 10-9. 
Calc. for C,,H,,O,N,: C, 73-2; H, 3-8; N, 10-7%). Subsequently the substance was obtained 
(a2) in poor yield by heating thiophthalimide with copper bronze and (b) more satisfactorily by 
heating thiophthalimide with oxindole [Found: (a) C, 72-7; H, 4:1; N, 103%. (b) C, 73-0; 
H, 3-9%]. 

Phthalocyanine Pigment from Monothiophthalimide.—Monothiophthalimide (16 g.), ammon- 
ium aminosulphonate (32 g.), and anhydrous cupric chloride (4 g.) were mixed and heated for 1 
hour at 220°. The cooled product was ground, extracted with hot water, dried, dissolved in 8 
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times its weight of 96% sulphuric acid, and poured into hot water (1 1.). The precipitated 
phthalocyanine was collected, washed until neutral, and dried (yield, 11 g.). It formed a blue, 
metallic powder, and was much greener and a little duller in shade than Monastral Fast Blue BR 
(Found: S, 4:0; Cl, 0-35. C,,H,,N,SCu requires S, 5:3%). 

Ethyl N-Methyloxindole-3-oxalate.—Hot solutions of N-methyloxindole (8 g.) in ethyl oxalate 
(12 g.) and of sodium (2 g.) in alcohol (28 c.c.) were mixed and the yellow semi-solid mass which 
formed very quickly was dissolved in water and acidified with hydrochloric acid. The floccu- 
lent, yellow precipitate was collected, m. p. 80°, and was pure enough for most purposes; the 
yield approached the theoretical. Some of the material, crystallised twice from alcohol, formed 
fine, yellow needles, m. p. 81° (Found: C, 63-2; H, 5-3; N, 5-7. C,3;H,,;0,N requires C, 63-2; 
H, 5-3; N, 5:7%), readily soluble in hot alcohol and in benzene, ether or carbon tetrachloride, 
moderately readily soluble in hot light petroleum. 

The phenylhydrazone, prepared in acetic acid solution, crystallised from alcohol in irregular, 
pale yellow prisms, m. p. 158-2° (Found: C, 67-8; H, 5-7; N, 12-4. C,,H,,0,N, requires C, 
67-6; H, 5-6; N, 12-6%). 

Condensation of Ethyl N-Methyloxindole-3-oxalate with p-Toluidine.—A solution of the above 
ester (2-3 g.) and p-toluidine (1 g.) in acetic acid (15 c.c.) was boiled for 10 minutes, and water 
(10 c.c.) then added. The product separated as an oil which solidified on keeping; it crystallised 
from alcohol in hard, yellow, rhombic prisms, m. p. 97° (yield, 75%) (Found: C, 71-6; H, 6-3; 
N, 8-4. CoH, O,N, requires C, 71-4; H, 6-0; N, 8:3%). 

p-Nitrobenzeneazo-N-methyloxindole.—A diazo-solution prepared from p-nitroaniline (0-9 g.) 
was added to a solution of ethyl methyloxindoleoxalate (1-4 g.) in cold aqueous sodium carbonate 
(10%). A flocculent, yellow precipitate formed and the filtrate contained sodium oxalate. The 
azo-compound, crystallised twice from acetic acid, formed long prisms, m. p. 272° (yield, almost 
quantitative) (Found: C, 60-5; H, 3-8; N, 19-0. C,,;H,,0,N, requires C, 60-8; H, 4-0; 
N, 18-9%). 

A deep indigo-blue coloration is produced on addition of sodium hydroxide to an alcoholic 
solution. The substance is identical with the p-nitrophenylhydrazone of N-methylisatin and it 
was also obtained by the following method. A solution of methylisatin (1 g.) (Vanino, “‘ Pra- 
parative Chemie,” II, p. 756) and p-nitrophenylhydrazine (1 g.) in acetic acid (30 c.c.) was 
refluxed for 30 minutes. On keeping, yellowish-brown crystals separated, m. p. (after crystallis- 
ation from acetic acid) 272° alone or mixed with the above azo-compound. 

When ethyl methyloxindoleoxalate was coupled with diazobenzenesulphonic acid, an azo- 
compound was obtained that gave moderately fast orange-yellow dyeings on wool. 

3-Vanillylidene-N-methyloxindole-—A solution of N-methyloxindole (1 g.), vanillin (1 g.), 
and piperidine (3 drops) in alcohol (6 c.c.) was kept at 75° for 14 hours and then overnight at 
room temperature. The bright orange crystals were collected, dried, and recrystallised from 
ethyl acetate, forming small, almost square, prisms, m. p. 180-5° (yield, 90%) (Found: C, 72-5; 
H, 5-5; N, 5-5. C,,H,,O,N requires C, 72-6; H, 5-3; N, 51%). 

3-p-Dimethylaminobenzylidene-N-methyloxindole—A mixture of N -methyloxindole (1 g.), 
p-dimethylaminobenzaldehyde (1 g.), alcohol (6 c.c.), and piperidine (3 drops) was refluxed for 
1} hours. A little water was added to the cooled solution and the precipitated product was 
collected and washed with alcohol (yield, 92%); it crystallised from alcohol in fine, brilliant 
yellowish-orange needles, m. p. 155° (Found: C, 77:8; H, 6-5; N, 10-2. C,sH,,ON, requires 
C, 77-7; H, 6-5; N, 10-1%). 

This compound was a fast yellow dye for wool, and it appeared to have considerable affinity 
for cotton. The method of application was to dissolve the substance in dilute hydrochloric acid, 
immerse the fibre, and dilute considerably; the dye was liberated as a colloid, which was readily 
adsorbed. 

In an attempted alternative preparation of p-dimethylaminobenzylidenemethyloxindole, 
3-formyl-N-methyloxindole (1 g.) (Julian and Pikl, J. Amer. Chem. Soc., 1934, 56, 1797) and 
dimethylaniline (0-7 g.) were dissolved in acetic acid (10 c.c.), concentrated hydrochloric acid 
(2 drops) added, and the solution boiled for 3 hours. The red compound (0-15 g.) that separated 
crystallised from alcohol in needles, m. p. 236° (Found: N, 9-2. Cy 9H,,O,N, requires N, 9-2% 
The compound has not yet been further investigated; it is possibly N-methyloxindolylmethyl- 
eneoxindole. ; 

3-(6'-A minopiperonylidene)-N-methyloxindole.—Aqueous potassium hydroxide (3 c.c. of 60%) 
was gradually added, with stirring, to a solution of 6-aminopiperonal (1-2 g.) and N-methyl- 
oxindole (1-3 g.) in methyl alcohol (15 c.c.). The orange-red precipitate was collected, washed 
with methyl alcohol, crystallised from aqueous acetic acid (50%), dried, and recrystallised from 
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alcohol, forming fine, orange needles (0-8 g.), m. p. 186° (Found: N, 9-7. C,,H,,O,N, requires 
N, 93%). 

2 : 3-Methylenedioxy-10-methylquinindoline.—Excess of aminosulphonic acid was added to 
aminopiperonylidenemethyloxindole (0-55 g.) in quinoline (10 c.c.) and the solution was refluxed 
(metal bath) for 7 minutes. After cooling, aqueous sodium hydroxide was added, and the 
quinoline distilled in steam. The residue was extracted with chloroform, giving a pale yellow- 
violet, fluorescent solution. After removal of the solvent, the base crystallised from benzene 
in pale yellow leaflets, m. p. 225° (Found: C, 73-7; H, 4:2; N, 10-0. C,,H,,0,N, requires C, 
73-9; H, 4:3; N,10-1%). The pure base is fluorescent in neutral solutions, but its pale yellow 
acid solutions do not exhibit this property. 

6 (or 5)-Nitro-N-methyloxindole.—Potassium nitrate (2-75 g.) was added gradually, with 
stirring, to a solution of N-methyloxindole (4 g.) in concentrated sulphuric acid (40 g.), cooled in 
a freezing mixture. After } hour the solution was added to ice, and the white product collected 
and dried. It was crystallised expeditiously from boiling benzene, some decomposition always 
occurring, forming prisms, m. p. 196° (yield, 60%) (Found : C, 57-0; H,4-:2; N, 14-7. C,H,O,N, 
requires C, 56-9; H, 4-2; N, 146%). 

The amine obtained on reduction was diazotised and coupled with 8-naphthol, giving a red 
azo-compound. 

6 (or 5)-A mino-N-methyloxindole.—Reduction of the nitro-compound with iron in aqueous 
alcoholic solution in the presence of a trace of hydrochloric acid was unsuccessful owing to 
oxidation of the product by air. 

A mixture of nitromethyloxindole (2-5 g.), stannous chloride (10-5 g.), and concentrated 
hydrochloric acid (17 c.c.) was heated on the steam-bath for 30 minutes. The solution was 
diluted to 300 c.c. with water, excess of zinc added, and the mixture heated; a precipitate of the 
zincichloride of the amine then separated. This was dissolved by dilution with water and 
boiling, and the solution was filtered from tin and zinc. On cooling, the crystalline zincichloride 
was obtained. This salt was treated with aqueous sodium hydroxide (15%) in a coal-gas 
atmosphere and the liberated amine was collected in an atmosphere of carbon dioxide. The 
product, after being washed with a little water and dried, crystallised from light petroleum 
(b. p. 60—80°) in white needles, m. p. 112-5° (Found: N, 16-8. C,H, ON, requires N, 17-3%). 

Anhydrocotarnine-N-methyloxindole-—N-Methyloxindole (0-5 g.) and cotarnine (0-75 g.) 
were dissolved in the minimum quantity of cold alcohol. After 4 hours the product was deposited 
in pale yellow cubes (1-1 g.), which were almost pure. The base crystallised from benzene in pale 
yellowish cubes, m. p. 154-5° (decomp.) (Found: C, 68-7; H, 6-2; N, 7-7. C,,H,,0,N, requires 
C, 68-8; H, 6-0; N, 7-75%). 

The hydrochloride was prepared by passing hydrogen chloride into a benzene solution of the 
base; it was readily soluble in water. 

The base was treated with methyl sulphate in warm benzene and a pale yellow compound, 
crystallising in fine needles, was obtained; and recrystallised from acetone, this had m. p. 183°. 
Analysis showed, however, that it was a mixture of a mono- and a di-methosulphate, and it was 
not found possible to separate the constituents. 

N-Methylindirubin.—A solution of N-methyloxindole (1 g.) and isatin-«-anil (1-4 g.) in acetic 
anhydride (20 c.c¢.) was refluxed for 30 minutes; the product separated on cooling. It crystal- 
lised from acetic acid in fine, deep copper-coloured needles (1-5 g.), m. p. 283°, very sparingly 
soluble in most organic solvents, giving pale violet solutions. It corresponds in every way to the 
substance described by Wahl and Bagard (Compt. rend., 1913, 156, 900; cf. Martinet, ibid., 
1919, 169, 183) except that no m. p. has been previously recorded. This derivative is very 
similar to indirubin itself, but is more readily soluble in most solvents. Like its homologue, it 
gives a yellow vat with alkaline hydrosulphite solution, from which it may be regenerated by 
aerial oxidation. The solution of the leuco-compound is unstable, however, and indigo or 
methylindigo is gradually produced in it. 

5-Hydroxy-N-methyloxindole.—Acet-p-anisidide (60 g.) was dissolved in xylene (140 c.c.) in 
which sodium powder (7 g.) was suspended; the mixture was refluxed for 1 hour with stirring. 
Methyl sulphate (31 g.) was then added, and the whole heated on the steam-bath for 30 minutes. 
The xylene was removed under diminished pressure, and the residue heated on the steam-bath 
for 36 hours with a solution of potassium hydroxide (52 g.) in alcohol (180 c.c.) and water (20 c.c.). 
The alcohol was removed under diminished pressure, and water added; the product (36 g.), 
isolated by means of ether, had b. p. 120—122°/14 mm. It was dissolved in dry benzene, and 
chloroacetyl chloride (15 g.) in benzene solution added slowly with cooling. The mixture was 
heated for 30 minutes on the steam-bath, water added, and the benzene layer separated, washed 
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with water and dilute acid, and dried. The benzene was evaporated, and powdered aluminium 
chloride (20 g.) added to the residue; the mixture was kept at 50° until evolution of hydrogen 
chloride ceased. More aluminium chloride (20 g.) was then added, and the flask heated with 
stirring for 1 hour (oil-bath at 180°). Before it was cold the paste was poured on ice; the brown 
powder that separated was collected, washed, and dried. The substance crystallised from alcohol 
in irregular, pale brown plates, m. p. 186-5° (yield, almost theoretical) (Found: C, 66-3; H, 
5-5; N, 8-6. C,H,O,N requires C, 66-3; H, 5-5; N, 86%). 

5-Methoxy-N-methyloxindole.—The crude hydroxy-compound (70 g.) was dissolved in aqueous 
sodium hydroxide (270 c.c. of 7-5%), and methyl sulphate (50 c.c.) added slowly to the cooled, 
stirred solution. The mixture was heated on the steam-bath for 30 minutes, with addition of 
aqueous sodium hydroxide from time to time to keep the solution alkaline. After cooling, the 
product was isolated by means of ether and distilled as a yellow oil (45 g.), b. p. 149—151°/1 mm. 
It rapidly solidified, and crystallised from ether in colourless, irregular prisms, m. p. 92° (Found : 
C, 68-0; H, 6-5; N, 8-2. C, 9H,,0O,N requires C, 67-8; H, 6-2; N, 7-9%). 

Attempted Preparation of 5-Methoxy-3-8-phenoxyethyl-N-methyloxindole——A solution of 
methoxymethyloxindole (20 g.) in absolute ether (150 c.c.) was refluxed with sodium powder 
(2-6 g.) for 14 hours. §-Phenoxyethyl bromide (22-7 g.) together with a little ether was added, 
and the mixture refluxed for 12 hours. "Water was added and the ethereal and aqueous layers 
filtered from a white solid (5 g.). The ethereal layer afforded an oil, which was steam-distilled ; 
the residue in the flask was worked up and unchanged methoxymethyloxindole (5 g.) was 
recovered together with an intractable residue. The white solid was very sparingly soluble in 
ether and sparingly soluble in most other organic solvents; it was, however, freely soluble in 
acetic acid. It crystallised from alcohol in irregular prisms, m. p. 233° (Found: C, 67:3; H, 
6-6; N, 7-9; OMe, 17°55. C,9H,,O,N, requires C, 67-4; H, 6-7; N, 7-9; OMe, 17-42%). The 
analysis indicates that the compound is derived from two molecules of the oxindole by the 
addition of two hydrogen atoms. It corresponds in fact to the pinacol of the cyclic amide, but 
we consider this formulation a highly improbable one and suggest that some further intra- 
molecular change must be postulated. The substance was neutral and gave no ferric reaction ; 
after boiling with concentrated hydrochloric acid, a trace of a base of pleasant odour was isolated. 
This gave a deep greenish-blue coloration with ferric chloride. 

5-Methoxy-1 : 3-dimethyl-3-8-phenoxyethyl-2-indolinone.—For the preparation of 5-hydroxy- 
N : 3-dimethyloxindole the method used was the same as that of Julian and Pikl (J. Amer. Chem. 
Soc., 1935, 57, 565), N-methyl-p-anisidine being used in place of N-methyl-p-phenetidine. The 
dried product from the Friedel-Crafts reaction (140 g.) was dissolved in aqueous potassium 
hydroxide (1000 c.c. of 5%), and methyl sulphate (90 c.c.) added slowly with stirring at room 
temperature. The mixture was heated on the steam-bath for 30 minutes, with addition of 
aqueous potassium hydroxide from time to time so as to keep the solution alkaline. The 
product, isolated by the use of ether, was a straw-coloured oil (45 g.), b. p. 147—151°/2—3 mm., 
which soon solidified. 

A solution of methoxydimethyloxindole (42 g.) in absolute ether (150 c.c.) was added to 
sodium powder (5-1 g.) under absolute ether (50 c.c.). A vigorous reaction, with rapid evolution 
of hydrogen, ensued. The mixture was heated on the steam-bath for a few hours; $-phenoxy- 
ethyl bromide (50 g.) was then added, the solution refluxed for 12 hours, and water added. The 
product, isolated by means of ether, was a viscous oil (36-5 g.), b. p. 230—243°/1 mm., mostly 
b. p. 237—240°/1 mm. (King and Robinson, J., 1932, 332, give b. p. 238—243°/1 mm.). The 
identity of the compound was confirmed by the preparation of the trinitro-derivative (Joc. cit.), 
m. p. 192—193° alone or mixed with an authentic specimen. In view of the anticipations of 
our intended work in other laboratories we abandoned this investigation. 

Attempted Synthesis of 3 : 3-Dimethyloxindole—Aniline was treated with «-bromoisobutyryl 
bromide, and the «-bromoisobutyranilide isolated in the usual way. The reaction with alumin- 
ium chloride appeared to proceed normally, but no oxindole derivative could be isolated. The 
conditions were varied considerably without any positive result being obtained. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. 
RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES LTD. - 
(DyEstuFFs Group), BLACKLEY, MANCHESTER. [Received, June 3rd, 1941.] 








[1941] Dithio-B-isoindigo (Dithiodiphthalimidine), etc. 625 


113. Dithio-B-isoindigo (Dithiodiphthalimidine) from Phthalonitrile. 
Part I. A Condensation Reaction of o-Dinitriles. 
By H. D. K. Drew and D. B. KELLy. 


Phthalonitrile is quantitatively converted, under the action of hydrogen sulphide 
in alcoholic ammonia, into a highly coloured, very stable condensation product. The 
product has been identified as dithio-f-isoindigo, which behaves as a tautomeric base, 
showing the reactions of a di-imine and of a dithiol. It forms intensely coloured 
pigments with copper and other metals. The paper describes the reactions of this 
substance and its derivatives. The condensation reaction can be applied also to 
other o-dinitriles. 


In attempting to prepare dithiophthalimide, we found that the interaction of phthalimide 
and phosphorus pentasulphide gave a mixture of the required substance with monothio- 
phthalimide, and it was decided to attempt to convert phthalonitrile into phthalodithioamide 
with alcoholic ammonia and hydrogen sulphide, and thence into dithiophthalimide. The 
reaction succeeds with iso- and tere-phthalonitrile (Luckenbach, Ber., 1884, 17, 1431), but 
the literature indicated that it would probably not do so with phthalonitrile (see Pinner, 
“ Die Imidoather und ihre Derivate’’). Actually, the reaction led to quantitative conversion 
of phthalonitrile into a crystalline substance (I) having much the appearance of indigo. 

The substance, purplish-black, but red by transmitted light, was remarkably stable 
to heat and to the action of concentrated hydrochloric or sulphuric acid or of alkali hydroxide ; 
it dissolved in organic bases, giving intensely red solutions, and formed deeply coloured 
metallic salts. 

Analysis gave the empirical formula CgH;NS. Oxidation with nitric acid gave sulphur 
and phthalimide suggesting the presence of a pyrrolidine ring. Alkylation with methyl 
iodide gave a crystalline orange methyl derivative (II), shown by analysis and determin- 
ation of molecular weight to have the formula (CgH,NS°CH;),. This was confirmed by 
alkylation with ethyl iodide, which gave yellow crystals of a substance (IIA), shown to 
have the formula (C,H,NS-C,H;,),. 

The alkyl derivatives formed unstable red hydrochlorides, which, when boiled with 
hydrochloric acid, lost a molecular proportion of methyl- or ethyl-thiol, giving in each case 
a substance (III; IIIA) having the formula (C,,H,ON,S°R), where R = CH, or C,Hs. 
Thus it became clear that the alkyl groups were attached to sulphur and that in each case 
a group SR had been replaced by hydroxyl. Substance (I) must therefore be a-dithiol 
or its tautomeride. :; 

It was then found that more prolonged boiling with aqueous or alcoholic hydrochloric 
acid removed the second SR group from each of the alkyl derivatives, replacing it as before 
by hydroxyl and thus giving the same substance (IV) in each case; the product was a 
yellowish material having the formula C,,H,,0,N,, of high decomposition point and in- 
soluble in most solvents. Its properties suggested that it was 6-isoindigo (diphthalimidine, 
ditsoindolinone), a substance prepared by Liebermann and Bistrzycki (Ber., 1893, 26, 
539) by heating o-phthalaldehydic acid (o-carboxybenzaldehyde) with methyl-alcoholic 
ammonia at 160° in a sealed tube. 

This hypothesis was confirmed when (IV) was obtained in good yield by oxidising 
phthalimidine with sulphur at 200—210° : 


co co 
2H SNH 42S = 2H,S + (can Sve 
2 Bd 


We later found, also, that the action of copper or silver on monothiophthalimide at 
175—250° gave a similar result : 


co co 
2C HK >NH 4+ 2Cu = 2CuS + (cn Su 
4 2 





626 Drew and Kelly: Dithio-B-isoindigo (Dithiodiphthalimidine) 


The following scheme then gave a consistent account of the foregoing alkylations of (I) 
and the ee — producing (IV) : 


C-SR C-SR C-OH 

5c oO 
 _,  — ‘a 
OY OO OO 
N 
. Y . 


) 
4 
C-OH ‘OH 
{1.) en R = Me; ae ie Et). (III; IIIA). (IV.) 


The coloured substance (I) was therefore indicated to be dithio-B-isoindigo, which may 
‘be regarded as capable also of assuming the forms (IA) and (IB). Similar tautomeric 
forms are probable also in the case of (IV). 

The structure of (I) was confirmed by synthesis in two ways: (i) by heating dithio- 
phthalimide with silver at. 175—190° : 


cs ae 
2C HA NH + 4g = 268 + ( CHA svi) 
6**4 —" 2 6**4 ra : 


and (ii) by the action of alcoholic ammonia, or of alcoholic ammonia and hydrogen sulphide, 
on dithiophthalimide. 


There seems no doubt, therefore, as to the outline structure of (I). Its formation from 
phthalonitrile, hydrogen sulphide, and ammonia could be expressed in several ways: 
e.g., dithiophthalimide, which could be formed by the addition of a molecule of hydrogen 
sulphide at each of the nitrile groups, followed by the loss of a molecule of ammonia from 
the resulting phthalodithioamide, may actually be an intermediate, since it is now known 
to be converted into (I) under the conditions of the original preparation. It has been found 
that the reaction producing (I) from phthalonitrile is not dependent upon the presence 
of alcohol, though a hydroxylic solvent is essential; thus, an oem medium may be 
employed but the reaction fails in benzene. 

There is little to indicate whether (I) is a cis- or a trans-ethylenic compound, or a mixture 
of the two forms. The infusibility and insolubility of the substance make it necessary to 
examine the composition and character of the metallic derivatives for evidence on this 
point, but only a preliminary study of a few of the salts has been made. 

From molecular models it would seem that, with a bivalent metal, any of the three 
possible trans-forms of dithio-8-isoindigo could only form a normal derivative (7.e., one 
in which both the acidic hydrogen atoms of the organic molecule were replaced by the 
metal) of polymeric character, with (theoretically) infinite molecular weight; for steric 
reasons, the metal atom of such a compound would probably not be able to co-ordinate 
with N or S derived from (I). The same should hold for the cis-form of (I); but the cis- 
form of (IB) should be able to form a dimeric normal compound, with one copper atom 
co-ordinated with two nitrogen atoms and the other copper atom not co-ordinated (unless 
to an external molecule). On the other hand, the cis-form of (IA) should give rise to a 
monomeric normal compound, which could attach another molecule of the cis-form of 
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(IA) by co-ordinating with the nitrogen atoms as shown (V). We prepared a normal 
copper compound, soluble in — and not co-ordinated with external molecules, and 


CS 


On OO 
OOD 


also a second copper compound containing a further molecule of dithio-f-isoindigo; the 
latter may correspond to (V). These compounds are therefore probably derived from a 
cis-form of the organic molecule. 

Normal mercuric and cadmium compounds were also obtained, but as these were only 
sparingly soluble in pyridine the possibility that they are derived from trans-forms is not 
excluded. A crystalline cobaltous compound corresponding in composition to (V) was 
prepared, and this also is probably derived from a cis-form. A disilver compound was 
obtained but only in an impure state. 

The data are sufficient to show that both acidic groupings of dithio-f-isoindigo may 
unite with metallic atoms at the same time. It seems just possible also that dithio- 
8-isoindigo, as prepared in the initial reaction, contains, or may assume, both the cis- and 
the trans-form. 

Naphthalo-] : 2-dinitrile behaved like phthalonitrile towards alcoholic ammonium 
hydrosulphide, giving a purplish-black substance resembling (I); so the reaction is capable 
of extension to other o-dinitriles. This point is under examination. 3 : 6-Dihydroxy- 
phthalonitrile, however, gave only 3 : 6-dihydroxypththalodiamidine (V1), which proved 
more stable than had been expected. 


(V.) 


EXPERIMENTAL, 


Conversion of Phthalimide into Di- and Mono-thiophthalimide.—The following is an adaptation 
of the method of Pratt and Brill (Philippine J. Sci., 1914, 9, A, 105): Phthalimide (10 g.) was 
suspended in boiling xylene (200 c.c., distilled over sodium), and phosphorus pentasulphide 
(15 g.) added in portions of 3 g. during 6 hours. The xylene, decanted from a sticky residue 
and allowed to cool, deposited phthalimide (2—3 g.) and inorganic matter; these were removed, 
the xylene distilled in steam, and the residue extracted five times with boiling water (1 1. in all), 
part (A) remaining insoluble: on cooling, the extract deposited crude monothiophthalimide, 
which crystallised from glacial acetic acid (the chief impurity, phthalimide, separated first and 
was removed; addition of water to the mother-liquor then caused the thio-compound to crystal- 
lise) in long, bright red needles, m. p. 174° (Found: C, 59-1; H, 3-3; N, 8-8; S, 19-3. 
C,H,ONS requires C, 58-9; H, 3-1; N, 8-6; S, 196%). The residue from the extraction with 
boiling water (A) was crystallised twice from a little glacial acetic acid, giving thin dark-brown 
(black when pure) needles with bluish tinge, consisting of dithiophthalimide (yield, 1-3 g.) 
(Found: C, 53-9; H, 2-9; N, 81; S, 35-9. C,H,NS, requires C, 53-6; H, 2-8; N, 7-8; S, 
35-75%) ; it became red and pasty at 180—184° and then solidified [production of (I)] and did 
not melt at 350°; it dissolved in aqueous alkali hydroxides to yellow solutions, formed a copper 
derivative which crystallised from pyridine, and gave a yellow precipitate with methyl iodide 
in methyl-alcoholic solution. Heated at 200—250° for 1} hours, dithiophthalimide gave (I) 
and free sulphur. Mono- and di-thiophthalimide form mixed crystals, or a definite addition 
product (reddish-brown). [Note. Pratt and Brill obtained dithiophthalimide, but their 
description of it (‘‘ brilliant red needles”’) seems to correspond more closely with monothio- 
phthalimide; they did not mention the latter substance.] 

Dithio-B- isoindigo (I).—Phthalonitrile (20 g.) was dissolved | in warm alcohol (200 c.c.), 
aqueous ammonia (d 0-88; 20 c.c.) added, and hydrogen sulphide passed into the cold mixture ; 
the liquid became yellow and then deep red (10 mins.), and glistening plates, nearly black, 
began to separate. The mixture was now warmed, and passage of hydrogen sulphide continued 
until excess was present. The liquid was finally boiled in a beaker to remove the excess of 
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ammonia and hydrogen sulphide. The precipitate was collected, washed with boiling water 
and with alcohol, and then extracted (Soxhlet) with carbon disulphide to remove free sulphur 
[1 part of free sulphur was present to 4 parts of (I), indicating reduction of 1 mol. of nitrile by 
1 mol. of hydrogen sulphide]. The residue consisted of (I) in a nearly pure state, the yield 
being 96%. For analysis and for the principal reactions, the substance was extracted twice 
with boiling nitrobenzene (100 c.c. in all), in which it was sparingly soluble (1 g. in 200 c.c.), 
washed with boiling benzene, and dried at 110°; or it was dissolved in aqueous sodium hydroxide 
and reprecipitated with glacial acetic acid (Found: C, 65-6, 65-5; H, 3-5, 3-8; N, 9-8, 9-9; 
S, 21-9. C,H N,S, requires C, 65-3; H, 3-4; N, 9-55; S, 21-75%). It formed purplish-black 
flattened needles, red by transmitted light or when powdered, and unchanged up to 350°; 
it was insoluble in all low-boiling solvents, but appftetiably soluble in hot aniline, pyridine, and 
other organic bases, to intensely red solutions; it was slightly soluble in aqueous ammonia, 
more soluble in aqueous alkali hydroxides, and very soluble in aqueous-alcoholic alkali hydroxides. 
It was unaffected by prolonged boiling with concentrated hydrochloric acid or with alcoholic 
potassium hydroxide, or by heating for a minute with concentrated sulphuric acid near the b. p. 
It was violently oxidised and completely dissolved on being warmed with concentrated nitric 
acid, dilution with water causing precipitation of phthalimide in large yield; oxidation with 
nitric acid under other conditions produced free sulphur. Unlike dithiophthalimide (q.v.), 
it was not reduced by boiling aniline, but alcoholic hydrazine removed its sulphur as hydrogen 
sulphide; sodium amalgam, or zinc and sodium hydroxide, caused reduction only after pro- 
longed boiling; with hydrazine, it gave the dihydrazone of $-isoindigo (see later). It readily 
formed metallic salts, usually purplish-black and appreciably soluble in pyridine; the normal 
mercuric and cupric salts were obtained pure, and a preliminary examination was made of 
others : 

Mercuric dithio-B-isoindigo. When (I) (0-2 g.) was heated under reflux with a solution of an 
excess of mercuric cyanide in pyridine (10 c.c.), a microcrystalline red powder, not melting 
below 350°, was obtained, which was washed with pyridine, water, and alcohol, and dried at 
110° (Found: C, 38-7; H, 2-5. C,,H,N,S,Hg requires C, 39-0; H, 16%). Under other con- 
ditions, using mercuric chloride, an unstable addition product (green tablets) of this salt with 
mercuric chloride and pyridine was formed; this lost its pyridine over sulphuric acid, becoming 
red. When the green salt (Found: N, 7-6. C,,H,N,S,Hg,HgCl,,4C;H,;N requires N, 7-8%) 
was extracted with boiling water, pyridine and mercuric chloride were removed and the red 
normal salt (above) was left (Found : loss on washing, 54-0. Calc., 54:3%). 

Cupric dithio-B-isoindigo. A warm solution of an excess of cupric acetate in alcoholic am- 
monia was added to a filtered solution of (I) in the same solvent; very small, almost black 
crystals separated on cooling; the salt was purified by dissolving it in pyridine (violet-red 
solution), partly precipitating it with water (it did not retain pyridine), and drying at 100° 
(Found: C, 54-05; H, 2-65; Cu, 17-65. C,,H,N,S,Cu requires C, 54-0; H, 2-25; Cu, 17-9%). 

Dithio-B-isoindigo cupric dithio-B-isoindigo (V) was obtained as a nearly black powder when 
a solution of (I) in pyridine was heated with aqueous cupric chloride or acetate. It appeared 
to be cupric dithio-B-isoindigo with the metal atom co-ordinated with a further molecule of (I) ; 
it was free from pyridine and appeared to be a tetrahydrate (Found : C, 53-3; H, 3-8; Cu, 9-0. 
C,H, ,N,S,Cu,4H,O requires C, 53-2; H, 3-6; Cu, 8-8%), but water was not lost at 100° and 
the purity of the substance is open to doubt. 

Dithio-B-isoindigo cobaltous dithio-B-isoindigo was prepared as in the foregoing example; 
it consisted of almost black microcrystals (purplish-red streak), soluble in pyridine but insoluble 
in cold alcohol; it contained no pyridine; analysis (after drying at 100°) suggested that it 
was a dihydrate, but the purity is in doubt (Found: C, 56-25, 56-4; H, 3-45, 3-4; Co, 9-4, 
8°85. C,,.H,,N,S,Co,2H,O requires C, 56-4; H, 3-2; Co, 8-7%). 

Cadmium dithio-B-isoindigo was obtained from a solution of (I) in pyridine and aqueous 
cadmium chloride; it was violet-black, with greenish-bronze reflex, and was insoluble in alcohol 
and only sparingly soluble in boiling pyridine; it was dried over phosphoric oxide (Found: C, 
43°75; H, 2-85. C,.H,N,S,Cd,2H,O requires C, 43-6; H, 27%). 

A purplish-black disilver salt was also prepared. It was not obtained pure, but analysis 
showed that it contained two atoms of silver to sixteen atoms of carbon. 

SS‘-Dimethyldithio-B-isoindigo (II).—A cold solution of (I) (3 g.) and sodium hydroxide 
(2 g.) in water (5 c.c.) was treated with alcohol (15 c.c.), and methyl iodide (2 c.c.) in a few c.c. 
of alcohol was run in; crystals began to separate at once. After 1 hour, the liquid was diluted 
with water to 200 c.c. and the crystals were collected, dried, and recrystallised from boiling 
benzene (200 c.c.); the yield was nearly quantitative. The substance separated from benzene 





[1941] from Phthalonitrile. Part I. 629 


or pyridine in flat needles, m. p. 258°, which were orange- or brownish-yellow according to 
the concentration of the crystallising solution [Found : C, 67-0, 67-2; H, 4-6, 4-6; N, 9-0, 9-1; 
S, 19-7; M (micro-Rast, in camphor), 316. C,,H,,N,5, requires C, 67-05; H, 4:4; N, 8-7; 
S, 19:9%; M, 322]. It dissolved to yellow solutions in pyridine, chloroform, and benzene. 
It did not give rise to metallic salts, but formed an addition compound with mercuric chloride 
in pyridine. It was oxidised by nitric acid to phthalimide, which was free from N-methyl- 
phthalimide. Boiling with concentrated hydrochloric acid changed (II) into (III) and then into 
(IV). 
S-Methylthio-B-isoindigo (III).—When (II) was boiled for a few minutes with concentrated 
hydrochloric acid, methylthiol was evolved. The liquid was diluted with an equal volume of 
water; minute yellow crystals then separated, m. p. 297° (after recrystallisation from pyridine 
and from glacial acetic acid); the mother-liquor was free from methylamine. The substance 
contained sulphur (Found : C, 69-8, 69-6; H, 4-2, 4:3; N, 10-0. C,,H,,ON,S requires C, 69-85; 
H, 4:1; N, 9-6%). It formed a bright red hydrochloride, which was hydrolysed by boiling 
water. S-Methylthio-B-isoindigo was converted into B-isoindigo and methylthiol on being boiled 
further with concentrated hydrochloric acid. 

8-isoIndigo (IV).—This was prepared by boiling (II) with a mixture of equal volumes of 
alcohol and concentrated hydrochloric acid under reflux for 24 hours; methylthiol was evolved, 
and §-isoindigo separated as a powder, which was precipitated from solution in hot concentrated 
sulphuric acid, or extracted with boiling pyridine, in which it was only slightly soluble, to 
remove impurities; it was free from sulphur. It formed pale yellow or greenish needles from 
aniline or from phenol—/-cresol, not melted at 350° (Found: C, 73-2; H, 4:2; N, 11-1. Calc. 
for C,gH,,O,N,: C, 73-3; H, 3-8; N, 10-7%). It dissolved to a yellow solution in hot rather 
concentrated aqueous sodium hydroxide and was reprecipitated unchanged by glacial acetic 
acid. {-isoIndigo was prepared also (i) from SS’-diethyldithio-$-isoindigo and (ii) from phthalim- 
idine, as described later. Each of these samples of $-isoindigo, when warmed with bromine 
and then boiled with water, gave a yellow residue showing a blue fluorescence in alcohol. 

SS’-Diethyldithio-B-isoindigo (IIA).—This was prepared in the manner described for (II) ; 
the temperature must not be allowed to rise during the reaction. It formed silky, yellow, 
flat needles, m. p. 162°, from pyridine [Found: C, 68-9; H, 5-4; N, 8-3; M (micro-Rast, in 
camphor), 341. C, 9H,,N,S, requires C, 68-6; H, 5-15; N,8-0%; M, 350]. It behaved towards 
boiling concentrated hydrochloric acid in the same way as (II), giving ethylthiol and 
(successively) S-ethylthio-B-isoindigo (below) and £-isoindigo. 

S-Ethylthio-B-isoindigo (IIIA) separated from pyridine in long yellow needles, m. p. 252° 
(Found: C, 70-6; H, 4-8; N, 9-45. C,,H,,ON,S requires C, 70-6; H, 4-6; N, 9-15%); it was 
almost insoluble in alcohol, but dissolved in hydrochloric acid to a yellow solution. Prolonged 
boiling with alcoholic hydrochloric acid gave ethylthiol and 8-isoindigo. 

Condensation of Dithiophthalimide to Dithio-B-isoindigo.—This was effected by heating with 
silver or copper. Silver gave a much better reaction, as follows: an intimate mixture of 
dithiophthalimide (1 g.) and dry silver powder (1 g.; from silver nitrate and hydrazine) was 
heated on an oil-bath at 175° for } hr. and then at 190° for l hr. The product was extracted 
with alcohol to remove any unchanged dithiophthalimide, and the residue then extracted with 
boiling nitrobenzene (100 c.c.) or with aqueous sodium hydroxide (10%; 10 c.c.) mixed with 
alcohol (5 c.c.); in either case, the filtered extract contained (I), which was isolated in the manner 
before described (yield, nearly quantitative). The product was characterised by its general 
properties and by conversion into its methyl and ethyl derivatives. 

A similar condensation with thiophthalimide, silver or copper being used at 175—250°, 
gave B-isoindigo; the residue after extraction with alcohol and pyridine was purified by means 
of aqueous sodium hydroxide, as before described. Phthalimide also was produced in this 
condensation, which was less uniform than the preceding. 

Condensation of Phthalimidine to §-isolndigo.—Phthalimidine (4 g.) and sulphur (3 g.) 
were intimately mixed and heated on an oil-bath at 200—220° for 1 hour; hydrogen sulphide 
was vigorously evolved and the molten mixture finally became solid. The powdered product 
was extracted with carbon disulphide to remove sulphur, and then with hot concentrated 
hydrochloric acid (to remove any phthalimidine). The yellow residue had the properties of 
B-isoindigo and appeared to be pure; a sample recrystallised from aniline and another purified 
through the orange needles of the sodium salt were analysed (Found: C, 72-9, 73-0; H, 3-6, 
3-7; N, 10-6. Calc. for C,,H,,0O,N,: C, 73-3; H, 3-8; N, 10-7%). 

Condensation of Dithiophthalimide to Dithio-B-isoindigo.—Dithiophthalimide was dissolved 
in alcohol, a little aqueous ammonia (d 0-88) added, and hydrogen sulphide passed in. 
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Dithio-8-isoindigo soon separated, and was isolated and purified as already described under the 
preparation of (I); the yield was nearly quantitative. The product was identified by its general 
properties and by methylation. Addition of aqueous ammonia to an alcoholic solution of 
dithiophthalimide also gave (I) in a pure state, after a few minutes (Found : C, 65-1; H, 3-9%). 

Action of Hydrazine upon Dithio-B-isoindigo.—A mixture of (I) (1 g.) and an excess of hydrazine 
hydrate (1 g.) in alcohol (10 c.c.) was heated under reflux for 3 hrs.; an intensely red solution 
was produced, which soon evolved hydrogen sulphide and gave a crystalline precipitate. The 
crystals were separated from the hot solution and washed with alcohol. They consisted of 
B-isoindigodihydrazone (Found: C, 66-5; H, 5-2; N, 28-7, 29-3. C,,H,,N, requires C, 66-2; 
H, 4:8; N, 28-95%), brownish-red microcrystals, frothing and melting at 260°, after darkening 
from 240°; it was slightly soluble in pyridine (yellow solution), and was soluble in aqueous- 
alcoholic sodium hydroxide (wine-red solution). 

3 : 6-Dihydroxyphthalodiamidine (VI).—To a solution of 3: 6-dihydroxyphthalonitrile 
(Thiele and Meisenheimer, Ber., 1900, 33, 675) (2 g.) in alcohol was added alcoholic ammonia ; 
a yellow powder was precipitated. Crystallised from water (greenish-blue fluorescence), the 
powder gave bright yellow needles of the diamidine, which decomposed and became black 
between 210° and 270°, but did not melt (Found: C, 49-6; H; 5-7; N, 29-2. C,H,,O,N, 
requires C, 49-5; H, 5-15; N, 28-9%). Dilute acids hydrolysed it to 3 : 6-dihydroxyphthalic 
acid, but concentrated sulphuric acid gave 3 : 6-dihydroxyphthalimide; it was unchanged by 
alcoholic hydrogen sulphide in presence of ammonia. 


We thank the Chemical Society for a grant. 


QUEEN Mary COLLEGE (UNIVERSITY OF LONDON). [Received, September 30th, 1937.] 





114. Dithio-B-isoindigo. Part II. Mechanism of its Formation 
from Phthalonitrile. Derivatives. 


By H. D. K. Drew and D. B. KELLy. 


Experimental results are given in support of the hypothesis that dithio-f-isoindigo 
is formed from phthalonitrile and hydrogen sulphide, in the presence of ammonia or 
alkali, through the stages of o-cyanothiobenzamide and dithiophthalimide. Thio- 
phthalimidine is described, together with its conversion into dithio-f-isoindigo. 
Further experiments are described, the results of which tend to strengthen the evidence 
previously given as to the structure of dithio-f-isoindigo. 


THE mechanism of the formation of dithio-8-isoindigo (I) from phthalonitrile and hydrogen 
sulphide in the presence of aqueous or alcoholic ammonia or alkali (Drew and Kelly, 
preceding paper) has been further studied. It now seems clear, on the evidence which 
follows, that o-cyanothiobenzamide (II) and dithiophthalimide (IV) are intermediate 
products, and there is evidence to show that both of these substances, and also the final 
product itself, are generated initially as their ammonium or alkali salts. The following 


mechanism is suggested as probable (M = NH, or Na): 


5M 


The main product of the action of aqueous-alcoholic ammonium hydrosulphide on 
phthalonitrile at room temperature was found to be o-cyanothiobenzamide (II), a substance 
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‘which had already been discovered (Imperial Chemical Industries, Dyestuffs Group; 
private communication) but has not yet been described in the literature; the by-product 
of the reaction was (I). Ammonium hydrosulphide had no action upon phthalonitrile in dry 
benzene, even on long boiling; but the addition of a little alcohol caused the reaction to set 
in immediately. Ammonia was without action upon phthalonitrile in hydroxylic or in 
non-hydroxylic solvents under the conditions studied by us (e.g., in alcohol or in benzene, 
at the boiling point of the solvent); normal sodium sulphide did not change phthalonitrile 
into (II); and hydrogen sulphide did not react with phthalonitrile in non-hydroxylic 
solvents. 

The production of (II) from phthalonitrile, therefore, requires the presence of ahydroxylic 
solvent and is greatly facilitated by the presence of a base (though, as will appear later, 
aniline can take the place of both together), conditions which are required also for the 
preparation of (I) from phthalonitrile. It can be inferred both that (II) is an intermediate 
in the production of (I), and that a hydrosulphide of a base is the initial agent of the change. 
The addition of a hydrosulphide molecule at one of the cyano-groups would produce the 
isothioamide salt (IIA); and, if it be assumed that the remaining o-cyano-group is thus 
. activated and enabled to attach a molecule of hydrogen sulphide (or two molecules of the 
hydrosulphide, with subsequent elimination of a molecule of the normal sulphide), a salt 
(III) of phthalodithioamide would be produced. The elimination of a molecule of ammonia 
from this would result in ring closure to a salt (IVA) of dithiophthalimide. Both o-cyano- 
thiobenzamide and dithiophthalimide readily form salts in alkaline media; when the free 
substances are synthesised from phthalonitrile in aqueous media, they separate from solution 
only after some time has elapsed since their formation was indicated by the change of colour 
of the reaction mixture, and they must therefore have been present as soluble salts. The 
same applies also to (I). 

The feasibility of considering o-cyanothiobenzamideasan intermediate inthe preparation 
of (I) from phthalonitrile was shown by the fact that (II) was quantitatively transformed into 
(I) on treatment with ammonia and hydrogen sulphide in aqueous or alcoholic solution, 
but not in dry benzene. Moreover, in the transformation of (II) into (I), dithiophthalimide 
was isolated as an intermediate product, working with a limited proportion of ammonia in 
benzene-alcohol as solvent. 

We have already shown (loc. cit.) that dithiophthalimide (IV) is converted into (I) on 
being heated with silver powder, or on being treated with alcoholic ammonia in the presence 
or absence of hydrogen sulphide; and it has now been found that this change may also be 
brought about either by treatment of (IV) with aqueous or alcoholic caustic alkali or by 
simply heating the dry substance at 180—200°. _ All the above methods lead to practically 
quantitative yields of (I). The conversion of two mols. of dithiophthalimide (in the form of 
a salt, IVA) into a mol. of (IA) involves the direct elimination of two atoms of sulphur. 
The disodium salt of (I) was in fact prepared as a tetrahydrate, soluble in alcohol or in aqueous 
alkali and readily decomposable into (I) by carbonic acid. In the transformations carried 
out in the presence of bases, the eliminated sulphur was obtained either wholly in the free 
state or in part also as polysulphide. A precedent for this type of reaction is found in the 
spontaneous conversion of «-thioisatin into indigotin and sulphur (Cenér., 1902, I, 1429), a 
change which is facilitated by the presence of alkali. 

Two alternative possibilities in regard to the initial change in the reaction with phthalo- 
nitrile were considered : (a) that a solvent molecule (water or alcohol) might first have been 
added at one of the cyano-groups, giving o-cyanobenzamide (V; R = OH) or its O-ether 
(Vv; R= OEt); but this was shown not to be the case, since o-cyanobenzamide did not 


R:NH 


CS‘NH, cs 
On OO" 
:N iN S 


(V.) (II.) (IV.) 


react with ammonia and hydrogen sulphide either in water or in alcohol; (b) that a molecule 
of ammonia might similarly have been added at a cyano-group, giving rise to the amidine 
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(V; R= NH,), the action of hydrogen sulphide then causing replacement of the imino- 
group by a sulphur atom (a reaction known to occur readily with imino-ethers in ethereal 
solution); but this mechanism was likewise eliminated, from the consideration that 
neither (II) nor (I) could be produced from phthalonitrile with ammonia and hydrogen 
sulphide in non-hydroxylic solvents. 

In order to obtain confirmation of the mechanisms of reaction suggested above, the 
action of hydrogen sulphide on phthalonitrile in the presence of aniline was examined. In 
boiling alcohol as solvent, the sole product of the reaction was (I), showing that aniline can 
take the place of ammonia; but when hydrogen sulphide was passed into a gently boiling 
mixture of aniline and phthalonitrile, the monophenylimine (V1) of thio-B-isoindigo and the 
diphenylimine (VII) of B-isoindigo were produced as highly coloured, crystalline substances. 
These two substances were probably generated from preformed (I) and aniline, since (VII) 


C-NHPh 


\ 
N 
€ 4 ° 
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C-NHPh 
(VII.) 


resulted only after prolonged boiling of the reaction mixture and since thiophthalimidemono- 
phenylimine (VIII), which was prepared from dithiophthalimide and aniline, was shown to 
remain. unchanged on being warmed with alcoholic ammonia. However (VIII) was 
produced, as the chief product, when phthalonitrile was treated with hydrogen sulphide in a 
boiling mixture of xylene and aniline; under these conditions, preformed dithiophthalimide 
evidently interacted with aniline, in preference to undergoing the loss of sulphur and con- 
version into (I). The results of these interactions of phthalonitrile and hydrogen sulphide 
in the presence of aniline are consistent with the foregoing suggestions in the case of 
ammonia, the aniline evidently acting, prior to the formation of dithiophthalimide, as the 
necessary basic constituent of the reaction mixture and not as a condensing reagent ; at the 
same time it is manifest that the aniline acts also in place of the hydroxylic solvent which 
appears essential when ammonia is used as the base. 

A number of unsuccessful methods were tried for the preparation of thiophthalimidine 
(IX), but the substance, which proved to be colourless, was eventually obtained in good yield 
by the reduction of dithiophthalimide with tin and hydrochloric acid. On being heated 
below 200° with sulphur, (IX) was transformed into (I) and hydrogen sulphide, the reaction 
supplying further evidence in favour of the structure proposed for (I). Only a very small 
proportion of (IX) was produced from phthalimidine and phosphorus pentasulphide. 

When (IX) was heated alone at 170°, self-condensation occurred with elimination of 
hydrogen sulphide and production of a brownish-black substance which appeared to consist 
of a large number of molecules of thiophthalimidine condensed together as shown in (X) ; 
analysis indicated m = 11 (approx.). One of the products of the action of copper powder on 
dithiophthalimide was indicated by its properties to be of the same type as (X). 


C*-NH-NAc, C-NH-NHPh 
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Some further work has been carried out on the hydrazine derivatives and on the S-alkyl 
derivatives of (I). The structure of the dihydrazone prepared (loc. cit.) from dithio-f- 
isoindigo has been confirmed by the preparation of its yellow tetra-acetyl derivative (XI), 
and of its highly dichroic (green-red) dibenzylidene and di-p-anisylidene derivatives. The 
monophenylhydrazone from (I) was violet-black and its S-methyl derivative (XII) consisted of 
red needles. The mono- and the di-phenylimine (VI and VII) were produced on boiling a 
solution of (I) in aniline for a short and a long period, respectively; they were dichroic 
(green-red) ; the S-methyl derivative of (VI) was brown. S-Methyldithio-B-isoindigo (XIII), 
consisting of very dark reddish-brown crystals, was obtained by the action of methyl 
iodide (1 mol.) on the disodium salt of (I) in alcohol; ethylation of (XIII) gave S-methyl- 
S’-ethyldithio-B-isoindigo (XIV), which was pale yellow. 
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Only indirect evidence of the presence of an ethylenic double bond in the structure of 
dithio-B-zsoindigo having been obtained so far, the action of bromine on (I) was examined. 
However, the product of the action of cold bromine vapour on (I) was 1-bromo-3-phthalimi- 
dylisoindolenine (XV), as was shown by its conversion by means of aniline into the mono- 
phenylimine of 8-isoindigo, which was obtained free and also as a crystalline addition 
compound with a molecule of ethyl alcohol. With pyridine, (XV) gave the brownish-red 
pyridinium bromide derivative (XVI) as the crystalline trihydrate, soluble in water. The 
action of bromine in chloroform upon SS’-dimethyldithidyg-tsoindigo gave dark red needles 
of a dibromide, in which the bromine atoms may have been attached at the ethylenic double 
bond; this view seems more probable than that the bromine was added at one of the sulphur 
atoms, both because the addition of a further two bromine atoms at the remaining sulphur 
atom could not be effected and because the bromine could be quantitatively removed from 
the dibromide, by boiling with water or alkali, with regeneration of the original dimethyl- 
dithio-compound. 

Bromine was without action upon §-tsoindigo in the cold; but in a sealed tube at 100° 
it gave nuclear mono- and di-bromo-derivatives of $-isoindigo, with the bromine in the 
6 : 6’- or 5: 5’-positions, since 5-bromophthalimide was obtained on oxidation; the chief 


product was probably (XVII). 
5 
C-NH, 
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Cl 
(XVII) (XVIII.) (XIX.) : (XX.) 


Since dithiophthalimide was readily transformed into (I) by means of ammonia, the 
action of ammonia on monothiophthalimide was tried. In aqueous solution, hydrogen 
sulphide was split off from the first-formed ammonium salt and colourless crystals of 
iminophthalimidine (XVIII or XIX), readily soluble in hot water, were produced. By the 
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action of heat upon o-cyanobenzamide, Braun and Tscherniac (Ber., 1907, 40, 2709) obtained 
a substance which they described as iminophthalimide; it had the same melting point as 
that of the substance described above but was “insoluble in water.’’ The action of 
hydrogen chloride in benzene on o-cyanothiobenzamide gave a hydrochloride which is prob- 
ably to be represented by (XX), since it was transformed by dry ammonia into the original 
thioamide and by water into monothiophthalimide. 


EXPERIMENTAL. 


o-Cyanothiobenzamide (I1).—(a) A solution of phthalonitrile (5 g.) in hot alcohol (40 c.c.) was 
allowed to cool with stirring. A solution of sodium sulphide (10 g.) in water (10 c.c.) was satur- 
ated with hydrogen sulphide and added to the suspension of phthalonitrile. The whole was 
stirred (6 hours) ; from time to time the silky yellow needles of (II) were decanted from the heavy 
crystals of phthalonitrile, the decanted liquid filtered, and the filtrate returned to the reaction 
vessel. The product was washed with water, cold alcohol, and then warm benzene, to remove 
unchanged phthalonitrile. A final portion of (II) was obtained from the mother-liquor by passing 
in carbon dioxide. Yield, 2-4 g. (38%). For analysis (II) was crystallised from alcohol (Found : 
C, 59-0; H, 3-7; N, 17-3. C,H,N,S requires C, 59-3; H, 3-7; N, 17-°3%); it was readily 
soluble in pyridine, aqueous sodium sulphide, or aqueous caustic alkalis, and was changed 
quantitatively to monothiophthalimide by warm dilute mineral acids or acetic acid; it softened 
at 216° and charred at 221—224°. 

(b) Powdered phthalonitrile (2 g.), stirred for 8 hours at room temperature with alcohol 
(20 c.c.) and aqueous ammonia (d 0-88; 20 c.c.) previously saturated with hydrogen sulphide, 
gave pure (II) (yield, 1-1 g.), extracted by hot alcohol, and (I) (yield, 0-4 g.). 

Preparation of Dithio-B-isoindigo (I) from Phthalonitrile by Means of Aqueous Sodium Hydro- 
sulphide.—A mixture of phthalonitrile (1 part) and crystallised sodium sulphide (4 parts; 2 mols.) 
in water (20 parts) was saturated with hydrogen sulphide and then boiled under reflux for 2 
hours. The solid product was filtered off and washed with hot water, alcohol, and carbon 
disulphide; it consisted of crystalline (I) in a very pure state (yield, 1 part: 90%). The 
disodium salt of (I) was obtained as a tetrahydrate by dissolving (I) (6 g.) in sodium hydroxide 
(10 g.) and water (20 c.c.) and warming; the paste was cooled in ice, and the solid filtered off 
and dried over potash. For analysis, a filtered solution in alcohol was precipitated with benzene ; 
the salt consisted of brown micro-g¢rystals, hydrolysed by water or carbon dioxide, but soluble 
in alcohol to an intensely red solution [Found : Na, 10-9; H,O (loss at 120° in dry CO,-free air), 
17-6. C,,H,N,S,Na,,4H,O requires Na, 11-2; H,O, 17-6%]. 

S-Methyldithio-B-isoindigo (XIII).—Alcoholic methyl iodide (75 c.c. of a 1% solution) was 
gradually added to a stirred solution of the hydrated disodium salt of (I) (5 g.) in alcohol (100 
c.c.): the brown precipitate was removed after 3 hours and fractionated from pyridine to re- 
move the less soluble dimethylated compound. For analysis, (XIII) was crystallised from amyl 
alcohol and then from pyridine; it consisted of dark reddish-brown needles, m. p. 245° (Found : 
C, 66-4; H, 3-8; N, 9-5. C,,H,,.N,S, requires C, 66-2; H, 3-9; N, 9-1%); it dissolved in 
aqueous alcoholic caustic alkalis to deep reddish-brown solutions, and evolved methylthiol 
when heated with dilute mineral acids. Treatment of its solution in aqueous alcoholic sodium 
hydroxide with ethyl iodide gave S-methyl-S'-ethyldithio-B-isoindigo (XIV), which formed long, 
pale yellow needles, m. p. 152—153°, from alcohol (Found: C, 68-0; H, 4:8. C,,H,,N,S, 
requires C, 67-8; H, 4-8%). 

Thiophthalimidemonophenylimine (VIII) was prepared by heating together alcoholic dithio- 
phthalimide and aniline for } hour. It separated from alcohol in flat, orange-brown needles, 
m. p. 209° (Found: C, 70-8; H, 4:7; N, 12-1. C,,Hi9N,S requires C, 70-5; H, 4-2; N, 
11-8%); it dissolved in hot aqueous sodium hydroxide (orange solution); warming with 
alcoholic ammonia did not change it. 

Phthalimidemonophenylimine (VIII, with O instead of S), from monothiophthalimide and 
aniline, crystallised from alcohol in pale yellow needles, m. p. 161° (Found: C, 75-5; H, 4-8. 
C,,H, ON, requires C, 75-6; H, 4-5%). 

Thiophthalimidine (IX) was prepared by reducing powdered dithiophthalimide (1 part) with 
precipitated tin (5 parts) and concentrated hydrochloric acid (10 parts) at 100° (3 hours); when 
the solution’ was cooled in ice, yellow thiophthalimidine stannochloride separated. This was 
collected and boiled with water (50 parts), and the tin precipitated as sulphide. The filtrate 
(and extracts with boiling water of the precipitate) deposited (IX) in colourless plates (yield, 
75%), m. p. 159° (Found: C, 64-5; H, 4-7; N, 9-4; S, 21-55. C,H,NS requires C,'64-4; H, 
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4-7; N, 9-4; S, 21-56%). When kept at 170° for 6 hours, (IX) evolved hydrogen sulphide and 
became converted into an insoluble black substance, possibly (X), which was purified by extrac- 
tion with alcohol and hot pyridine and then precipitated from solution in warm concentrated 
sulphuric acid (Found: N, 10-2; S, 3-2%). 

The action of phosphorus pentasulphide (5 parts) on phthalimidine (5 parts) in boiling dry 
benzene (100 parts) gave only a trace of thiophthalimidine, the main product being a very stable, 
dark blue, insoluble powder, which was extracted with boiling water, alcohol, and pyridine. For 
analysis, it was twice reprecipitated by means of ice from its blue-green solution in warm con- 
centrated sulphuric acid (Found: C, 67-8; H, 3-9; N, 8-7; S, 93%). This substance was 
unmelted at 350° and was insoluble in hot aqueous alcoholic caustic alkalis; it was not identified 
and may not have been pure, but the empirical formula C,,H,O,N,S is provisionally suggested. 

Thio-f-isoindigomonophenylhydrazone was prepared by boiling (I) (3 g.) with phenylhydra- 
zine (10 g.) and alcohol (20 c.c.) for 18 hours: tough, violet-green needles separated (Found : 
C, 71:9; H, 4-4; N, 15-55; S, 8-5. C,,H,,N,S requires C, 71:7; H, 4-4; N, 15-2; S, 8-7%). 
It gave deep blue solutions in pyridine arfd aqueous-alcoholic caustic alkalis. Its S-methyl 
derivative (XII) was obtained, by the action of methyl iodide and aqueous alcoholic sodium 
hydroxide, in long, dark red needles (from pyridine), m. p. 220° (decomp.) (Found: C, 72-5; 
H, 4:4; N, 15-0. C,;H,,N,S requires C, 72-2; H, 4:5; N, 14-:7%). 

Thio-B-isoindigomonophenylimine (V1) was prepared by boiling (I) with aniline for 24 hours; 
the isolated solid was extracted with boiling alcohol, and the extract allowed to cool; (VI) then 
separated in red needles with green reflex, m. p. 265° (Found: N, 11-65; S,9-2. C,,H,,N;S 
requires N, 11-9; S, 9-1%); it gave intensely red solutions in bases. Its S-methyl derivative was 
obtained in brown needles from amyl alcohol, with which it crystallised; the solvent-free sub- 
stance had m. p. 212° (Found: C, 74-6; H, 4:9. C,,;H,,N;S requires C, 75-2; H, 4:-7%). A 
small proportion of (VI) resulted on boiling crude (IX) with aniline for 3 hours; but purified 
(IX) was not observed to give this reaction. 

8-isol ndigodiphenylimine (VII) was prepared from (I) and aniline, after boiling for 1 day; 
the red-green dichroic product was recrystallised from pyridine, with which it combined; 
boiling alcohol removed the pyridine, leaving brown needles, m. p. 306° (Found: C, 81-0; 
H, 5:1. CygHygN, requires C, 81-5; H, 5-2%). 

From §6-isoindigodihydrazone were prepared: (a) §-isoindigodibenylidenedihydrazone, 
dichroic (green-red) needles from alcoholic pyridine, m. p. 272° (Found: C, 76-8; H, 5-2; 
N, 17-9. CygH,.N, requires C, 77-2; H, 4-7; N, 180%); (b) (-isoindigodi-p-anisylidene- 
dihydrazone, m. p. 259°, similar to the last substance (Found: C, 72-9; H, 5-3; N, 16-5. 
C3.H,,O,N, requires C, 73-0;, H, 5-0; N, 16-0%); (c) B-isoindigotetra-acetyldihydrazone (XI), 
by boiling (I) with pure acetic anhydride for 10 minutes; the product formed silky yellow 
needles from pyridine, m. p. 262° (Found: C, 63-0; H, 4-9; N, 17-5. C,,H,,0,N, requires 
C, 62-9; H, 4-8; N, 17-5%); it was unchanged on being boiled with benzaldehyde. 

1-Bromo-3-phthalimidylisoindolenine (XV) was obtained on exposing (I) (5 g.) to bromine 
vapour for 2 days in a closed vessel. The excess of halogen was allowed to evaporate, the brick- 
red powder boiled with several portions of water, and the yellow residue dried at 110° and 
crystallised from a large volume of boiling xylene: yellow, silky needles were obtained (4 g.), 
m. p. 297° (Found: C, 59-6; H, 3-1; N, 9-0; Br, 24-7. C,,H,ON,Br requires C, 59-1; H, 2-8; 
N, 8-6; Br, 24-6%). The substance crystallised well from chloroform, but appeared to retain 
the solvent. Oxidation of (XV) with chromic acid in acetic acid gave a small yield of phthal- 
imide. The action of boiling alcoholic aniline on (XV) gave monophenylimino-f-isoindigo mono- 
alcoholate, forming brown needles from alcohol, m. p. 280° [Found: C, 75-0; H, 5-6; N, 11-5; 
C,H,°OH (loss at 130°), 11-9. C,,H,,ON;,C,H,-OH requires C, 75-2; H, 5-5; N, 11-1;C,H,-OH, 
120%]; it did not combine with amyl alcohol. When the preparation was made with aniline 
in dry benzene, the substance was obtained free from solvent, in small, pale yellow needles from 
xylene, m. p. 279° (Found: C, 78:3; H, 4-6; N, 12-6. C,,H,,ON, requires C, 78-3; H, 4-45; 
N, 125%). This substance, or the alcoholate freed from alcohol, did not take up alcohol again 
on standing for some days over that solvent, nor did it form a hydrate on being left over water. 

Pyridinium Bromide Derivative of (XV).—When a solution of (XV) in an excess of pyridine 
was heated for some hours, reddish-brown needles of (XVI) were gradually deposited. The 
substance, crystallised from aqueous alcohol and dried over calcium chloride, was obtained as 
the hygroscopic monohydrate (Found: C, 59-7; H, 3-8; Br, 18-5. C,,H,,ON,Br,H,O requires 
C, 59-7; H, 3-8; Br, 18-9%). After 3 weeks’ exposure to air, the stable trihydrate was obtained 
(Found: C, 55-3; H, 4:3; loss at 120°, 11-6. C,,H,,ON,Br,3H,O requires C, 55-0; H, 4:5; 
H,0, 11-5%). (XVI) was insoluble in organic solvents, but was extremely soluble in water, 
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giving a solution containing ionised bromine. From water, it formed bright red needles, 
which darkened near 285° and decomposed with effervescence near 295°. It dissolved in cold 
aqueous sodium hydroxide to a deep purplish-red solution, which became pale yellow with excess 
of acid (reversible change). 

Action of Bromine on SS'-Dimethyldithio-B-isoindigo.—The dimethyl derivative was dissolved 
in boiling chloroform, and excess of bromine added; long, dark red, silky needles of a dibromide 
separated, m. p. 152—154° (after being dried over phosphoric oxide) (Found: C, 45-7; H, 2-9; 
Br, 33-5. C,gH,,N,Br,S, requires C, 44-8; H, 2-9; Br, 33-15%). On being boiled with water, 
the substance decomposed into bromine and the original dimethyl derivative. 

Action of Bromine on 8-isolndigo.—f-isoIndigo (2-5 g.) and bromine (3 c.c.) were heated at 
100° in a sealed tube for 4 hours. The yellow viscous mass solidified when boiled with water 
and was then dried and extracted with hot methyl alcohol. The filtered extract eventually 
deposited a microcrystalline powder, which became a pale yellow, viscous liquid at about 230° 
(Found: C, 49-7; H, 2-7; N, 7-05%) and was probably a mixture of the nuclear (6-) mono- and 
di-bromo-derivatives of 8-isoindigo. Part of this was repeatedly boiled for a short time with 
10% sodium hydroxide solution; from the filtered solution acetic acid precipitated a pale 
yellow powder (Found: N, 6-6. C,,H,O,N,Br, requires N, 6-7%). This substance was prob- 
ably 6 : 6’-dibromo-f-isoindigo. The crude substance, on being oxidised with chromic acid in 
glacial acetic acid, gave 5-bromophthalimide in colourless prismatic needles, m. p. 230° (Wald- 
man, J. pr. Chem., 1930, 126, 65). 

Synthesis of (1) from Dithiophthalimide.—(1) Dithiophthalimide was heated in an oil-bath at 
‘220° for 1 hour and then at 250° for } hour. The melt was extracted with carbon disulphide to 
remove sulphur and a trace of tar; the residue was shown in several ways to be (I) in a nearly 
pure state. (2) Dithiophthalimide (1 part) was dissolved in warm alcohol (8 parts) ;- the solu- 
tion was cooled and to it was added aqueous ammonia (d 0-88; 4 parts): (I) soon separated 
from the intensely red solution, and was freed from sulphur by extraction with carbon disulphide 
and alcohol; the yield of pure product was about 90%. 

Synthesis of (1) from Thiophthalimidine.—Thiophthalimidine (1 part) was mixed with 
powdered sulphur (5 parts) and heated at 120° for 1 hour and then slowly up to 200° (4 hours). 
The residue, extracted with carbon disulphide and alcohol and then crystallised from nitro- 
benzene, gave (I), the yield being about 50%. 

Dithiophthalimide from o-Cyanothiobenzamide.—No reaction took place when (II) was boiled 
under reflux for 3 hours in dry benzene, with passage of dry ammonia and dry hydrogen sulphide 
(3 hour) through the liquid. However, when alcohol was added, reaction set in at once and was 
complete in } hour. The benzene was distilled off in steam, and the residue crystallised from 
aqueous alcohol; (IV) then separated in a pure state. 

Action of Hydrogen Chloride on o-Cyanothiobenzamide. —When (II) was suspended in boiling 
dry benzene, and dry hydrogen chloride passed in for 1 hour, the suspended solid (XX) was 
faintly pink. After being dried over sodium hydroxide, it was completely soluble in cold water 
to an acid solution which precipitated monothiophthalimide on long standing in the cold or at 
once on warming. 

Action of Ammonia on Monothiophthalimide.—Monothiophthalimide dissolved in aqueous . 
ammonia (d 0-88) to a yellow solution which at once began to deposit uniform crystals, hydrogen 
sulphide being liberated. After 1 hour they were removed and dried in a vacuum over concen- 
trated sulphuric acid; they were then only slightly soluble in boiling benzene, but very soluble 
in alcohol or in hot water. Recrystallisation from hot water (charcoal) gave colourless needles 
(XVIII), m. p. 205° (Found: C, 65-8; H, 4-0; N, 19-4. C,H,ON, requires C, 65-7; H, 4-1; 
N, 19:2%). The substance was soluble in warm dilute hydrochloric acid, and phthalimide 
separated on cooling. 

Action of Aniline and Hydrogen Sulphide on Phthalonitrile——Four distinct substances were 
isolated from reactions carried out under different conditions: (1) Phthalonitrile (4 g.), aniline 
(20 c.c.), and alcohol (50 c.c.) were boiled under reflux for 4 hours in a stream of hydrogen sul- 
phide; the solid, when filtered off and washed with boiling alcohol and carbon disulphide, gave 
a pure specimen of (I) (yield, 1-8 g.). (2) Phthalonitrile (4 g.), aniline (10 c.c.), and xylene 
(10 c.c.) were vigorously boiled under reflux for 6 hours in a stream of hydrogen sulphide; the 
mixture was distilled in steam, and the solid residue dried, powdered, and extracted with benzene 
(60 c.c.) in presence of charcoal; the hot filtered extract deposited (VIII) on cooling (yield, 2 g.). 
(3) Phthalonitrile (4 g.) and aniline (20 c.c.) were gently boiled under reflux for 6 hours in a 
stream of hydrogen sulphide; the solid remaining after distillation in steam was c 
from pyridine and the almost black pyridine double compound was decomposed with boiling 
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alcohol; the product (brown needles, m. p. 306°) was shown to consist of (VII). The reaction 
did not occur when the aniline and phthalonitrile were first dried by heating in a stream of dry 
carbon dioxide. (4) Phthalonitrile (4 g.) aniline (10 c.c.), and alcohol (10 c.c.) were gently 
boiled for 4 hours under an air condenser in a slow stream of hydrogen sulphide, the liquid being 
allowed to evaporate slowly; the dark paste which remained was dried on porous tile and then 
extracted with alcohol (100 c.c.). The residue was pure (I); the alcoholic filtrate gave crystals 
(2:1 g.) of (VI) mixed with a small proportion of (VII); pure (VI) was obtained on further 
crystallisation from alcohol or pyridine. It is shown in the following paper that the action 
of hydrogen sulphide on phthalonitrile in the presence of a little aniline takes another direction 
at a higher temperature, a reaction occurring in which the aniline can be dispensed with. 


We thank the Department of Scientific and Industrial Research for a maintenance grant to 
one of us (D. B. K.) and the Chemical Society for a research grant. 
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115. ' Dithio-B-isoindigo. Part III. Further Members of the 
Series. 


By H. D. K. Drew and D. B. KELLy. 


Some further examples are described of the production, from o-dinitriles and am- 
monium hydrosulphide, of compounds of the dithio-B-isoindigo series, tending to show 
that the method is general. The question of the structure of the blue complex com- 
pound produced from 8-isoindigodihydrazone by the action of organic acids is dis- 
cussed. Monothio-B-isoindigo has been prepared, and a new method of changing 
phthalonitrile into phthalocyanine is given. 


"Monothio-8-isoindigo (I) was obtained by the action of alcoholic ammonia and hydrogen 
sulphide on the residues from the purification of phthalonitrile. Its structure was estab- 
lished by showing that (a) its methyl and ethyl derivatives were identical with those pre- 
pared by the partial hydrolysis of SS’-dimethyl- and SS’-diethyl-dithio-8-isoindigo (Drew 

and Kelly, preceding paper) and (b) (I) was identical with the product of hydrolysis of 
S-monomethyldithio-8-isoindigo (loc. cit., p. 633). (I) occurred as brown needles, but was 
otherwise similar to dithio-8-isoindigo in physical character. §-isolndigomonophenyl- 


C-SH C-SH egg 

NN J® HANG YX 
N N S\3/ 

a C 

is 


P a OG, 


CO C’SH 


(I.) (II.) (III.) 


hydrazone, prepared from (I), was red-brown, and, like the corresponding thio-compound 
(loc. cit., p. 633), dissolved to intensely blue solutions in aqueous-alcoholic alkalis. 

From naphthalene-l : 2-dinitrile and ammonium hydrosulphide was prepared 
6: 7 : 6’ : 7'-dibenzdithio-B-isoindigo (II), which formed dark green crystals, purple by trans- 
mitted light. It might, theoretically, occur in two cis- and three trans-forms, one of the 
last of which might be expected to show interference displacement due to overlapping of the 
groupings; but no isomerism was observed. Its dimethyl derivative was bright red; 
hydrolysis of it removed first one methylthio-group, giving orange-yellow S-methyl- 
6:7: 6’ : 7'-dibenzthio-B-isoindigo, and then the second, giving yellow 6 : 7 : 6’ : 7’-dibenz- 
B-isoindigo. 
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4-Nitrophthalonitrile has been mentioned in the patents literature (B.P. 410,814) but not 
described. Prepared from 4-nitrophthalodiamide and acetic anhydride, it consisted of 
colourless crystals, which reacted with alcoholic ammonia and hydrogen sulphide with 
generation of a dithio-f-isoindigo derivative, obtained as small dark crystals, deep red by 
transmitted light. Analysis showed that the nitro-group of the nitrile had been reduced 
to an amino-group, so that the above substance was diaminodithio-B-isoindigo. Whether 
or not reduction of the nitro-group occurred before or after one of the stages of condensation 
was uncertain, but on theoretical grounds it is probable that the substance obtained was the 
6 : 6’-diamino-isomeride (III). Only a preliminary study was made of the preparation of 
4-aminophthalonitrile and its direct condensation to a dithio-B-tsoindigo derivative (see 
experimental section). Under other conditions, 4-nitrophthalonitrile is converted by 
ammonium sulphide into 6-nitro-6’-aminodithio-8-tsoindigo (Drew, Kelly, and Imperial 
Chemical Industries Limited, B.P. 516,342). 

The action of hot aqueous acetic acid upon the dihydrazone of £-tsoindigo, prepared 
from dithio-f-isoindigo, gave an insoluble, intensely blue substance of great stability to 
acids and alkalis. Further study of this somewhat intractable substance led to the pro- . 
visional suggestions as to its structure set out below. Its production from the dihydrazone 
occurred also with butyric, phenylacetic, or chloroacetic acid, but in every case the presence 
of water was necessary. The organic acid employed was evidently not incorporated in the 
structure of the bluecompound. Ammonia, but not hydrazine, was liberated in the reaction 
forming it, and its oxidation afforded a high yield of phthalimide. The purified substance 
was a dark blue powder with brassy reflex, decomposing vigorously near 300°; when dried, 
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it was hygroscopic, and it evolved its nitrogen only slowly during analysis by the micro- 
Dumas method. Consideration of the analytical data and of the facts mentioned above 
suggested that the compound was a hexahydrated form of a tetrapolymeride of phthalonitrile 
(IV), which retained at least two molecules of water on desiccation in a stream of dry air 
at 130°. It is possible that the “ dihydrated ” substance has the formula (IVA). 

- The formation of substances of this type is readily accounted for by assuming the dis- 
placement of two hydrazine molecules between two molecules of the dihydrazone, followed 
by the replacement of the pairs of imino-groups by senate as shown below (for 
the halves of two molecules of the dihydrazone) : 
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The elimination of ammonia, and not hydrazine, is thus explained. 

Crystalline phthalocyanine resulted (a) from molten phthalonitrile alone, when treated 
with dry hydrogen sulphide during about 1 hour, as the temperature of the melt was raised 
slowly from 150° to 170°, and (6) from a mixture of phthalonitrile and aniline, at 180°, in 
a stream of hydrogen sulphide (14 hours). In case (a) the yield of pure product ex- 
ceeded 50% of the theoretical, only a primitive method of stirring being used. These 
reactions demonstrate in a simple manner that hydrogen is taken up in the change of the 
nitrile into phthalocyanine. No chemical change occurred when phthalonitrile was fused 
with sulphur, and therefore it is clear that hydrogen sulphide acted as a reducing agent in 
the above reactions. 


EXPERIMENTAL. 


Monothio--isoindigo (I).—Crude phthalonitrile (1 part), recovered from the impure fractions 
of preparative experiments, was suspended in boiling alcohol (2 parts) and treated with ammonia 
and excess of hydrogen sulphide for 3 hours; the solid product was filtered off, washed with 
boiling water and alcohol, and extracted with boiling nitrobenzene (1 part). The residue was a 
mass of very small, brown needles of (I), darkening at about 355° (Found: C, 68-8; H, 3-7. 
Cy6H,9ON,S requires C, 69-0; H, 3-6%); it coloured pyridine orange-brown and dissolved in 
aqueous or alcoholic alkalis to reddish-brown solutions; its stability to concentrated acids and 
its solubility in organic solvents were of the same order as.those of dithio-®-isoindigo. Its 
mono-S-methyl and mono-S-ethyl derivatives were prepared by the action of the respective 
alkyl iodide on a solution of (I) in aqueous-alcoholic sodium hydroxide; each was shown to be 
identical with the first hydrolysis product of the corresponding SS’-dialkyldithio-$-isoindigo. 

(I) was prepared also by heating S-methyldithio-B-isoindigo for 6 hours with concentrated 
hydrochloric acid, methylthiol being set free; its identity with the product from the former 
method of preparation was shown by preparing the methyl and ethyl derivatives and taking 
mixed melting points with the former samples. 

B-isol ndigomonophenylhydrazone was prepared by heating (I) for 3 hours with a large excess 
of phenylhydrazine; the product which separated on cooling was repeatedly crystallised from 
pyridine and obtained in bright reddish-brown needles, m. p. 273° (slight decomp.) (Found : 
C, 74:5; H, 4:2; N, 16-5. C,,H,,ON, requires C, 75-0; H, 4:5; N, 15-9%); it dissolved in 
aqueous-alcoholic sodium hydroxide to an intensely blue solution. 

6: 7: 6’ : 7'-Dibenzdithio-B-isoindigo (II).—Naphthalene-1 : 2-dicarboxynitrile (3 g.) was 
suspended in a mixture of alcohol (50 c.c.) and aqueous ammonia (5 c.c.; d 0-88), and the liquid 
was saturated with hydrogen sulphide and then boiled under reflux in a slow stream of the gas 
for 14 hours. The tough grey precipitate was washed with boiling alcohol and extracted with 
carbon disulphide to remove sulphur; the yield of residue was 2-9 g. (calc., 3°3g.). For analysis, 
(II) was crystallised from boiling nitrobenzene or a-chloronaphthalene; it formed small needles 
with dark green reflex but purple by transmitted light; it did not melt up to 350° (Found: C; 
72-95; H, 4-0; S, 15-9. C,,H,,N,S, requires C, 73-1; H, 3-6; S, 16-3%); it was very sparingly 
soluble in organic solvents (solutions intensely purple), but readily soluble in aqueous-alcoholic 
caustic alkalis. 

SS’-Dimethyl-6 : 7 : 6’ : '1'-dibenzdithio-B-isoindigo was obtained from (II) and methyl iodide in 
aqueous-alcoholic sodium hydroxide; it formed bright red needles, m. p..321°, from pyridine 
(Found: C, 74-2; H, 4-6. C,,H,,N,S, requires C, 73-9; H, 4-3%); it was insoluble in alcohol 
but gave an orange solution in aqueous-alcoholic hydrogen chloride: It evolved methylthiol 
when boiled with alcohol and concentrated hydrochloric acid, forming S-methyl-6 : 7: 6’ : 7’- 
dibenzthio-B-isoindigo, which crystallised from nitrobenzene in orange-yellow, asbestos-like 
needles, not melted up to 350° (Found: C, 76-8; H, 4-1. C,;H,,ON,S requires C, 76-5; 
H, 4-1%). 

6: 7: 6’ : 7’-Dibenz-B-isoindigo was obtained by boiling the above SS’-dimethyl derivative of 
(II) with 50% sulphuric acid (10 hours) and then heating the product with the concentrated 
acid at 180° (12 hours). The final product was precipitated by adding water and was extracted 
with pyridine and nitrobenzene, and the residue crystallised from a considerable volume of a hot 
mixture of phenol and #-cresol; it was a yellow powder, unmelted at 350° (Found: N, 8-0. 
C,,.H,,0,N, requires N, 7°7%); it dissolved only in concentrated solutions of aqueous caustic 
alkalis (solutions orange). 

4-Nitrophthalonitrile—A mixture of 4-nitrophthalodiamide (5 g.) and pure acetic anhydride 
(20 c.c.) was refluxed for 6 haurs, the clear liquid rapidly poured, whilst boiling, into boiling 
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water (50 c.c.), and the whole cooled in a freezing mixture with addition of ice. The nitrile was 
filtered off, dried, dissolved in benzene, and recovered (yield, 2-1 g.); it formed colourless crystals 
from alcohol or water, m. p. 142° (Found: C, 55-9; H, 1-9. C,H,O,N, requires C, 55-5; H, 
1-75%). When reduced with sodium hydrosulphite, it gave colourless crystals, m. p. 160— 
170°, of a substance containing a diazotisable amino-group, which was probably 4-aminophthalo- 
_ nitrile; this substance gave with acetic anhydride small colourless plates, m. p. 188°, of 

4-acetamidophthalonitrile. The latter was prepared also from 4-aminophthalimide as follows: 
the imide (2 g.) was shaken with aqueous ammonia (30 c.c.; d 0-88), and the mixture kept over- 
night; the white leaflets of 4-aminophthalodiamide obtained began to decompose near 250° and 
melted between 280° and 290° (Found: C, 54-6; H, 5-3; N, 24-2. C,H,O,N, requires C, 53-6; 
H, 5-1; N, 23-5%). Although the diamide was not pure, its identity was established from the 
fact that treatment with warm water decomposed it quantitatively into ammonia and 4-amino- 
phthalimide. On being boiled with acetic anhydride for 6 hours, the diamide gave 4-acet- 
amidophthalonitrile, which formed colourless plates (from water), m. p. 194° (Found: C, 65-7; 
H, 4-2. C,gH,ON; requires C, 64-8; H, 5-1%). This substance, although not obtained pure, 
gave a dithio-B-isoindigo derivative when treated with ammonium hydrosulphide, this being a 
dark red powder which yielded a yellow methyl derivative. 

Diaminodithio-B-isoindigo (III).—4-Nitrophthalonitrile (1 part) was suspended in alcohol 
(35 parts), and dry ammonia passed in for 10 minutes and then hydrogen sulphide for 1 hour; 
the liquid turned dark red and deposited part of the thio-compound; the reaction was com- 
pleted by 2 hours’ boiling under reflux, with occasional passage of small amounts of ammonia 
and hydrogen sulphide. When the ammonia was finally driven off, the whole of the dithio- 
derivative separated ; it was freed from sulphur in the usual manner and then purified by extrac- 
tion with boiling nitrobenzene and «-chloronaphthalene, the residue (yield, 73%) consisting of 
small needles, deep red by transmitted light, of (III) (Found: C, 58-8; H, 3-95; S, 19-5. 
C,.H,,N,S, requires C, 59-2; H, 3-7; S, 19-8%). It was practically insoluble in organic 
solvents. 

The Blue Substance obtained by the Action of Aqueous Acids upon B-isol ndigodihydrazone.— 
The dihydrazone (5 g.) was dissolved, by warming, in a mixture of water (50 c.c.) and glacial 
acetic acid (20 c.c.), and the dark brown solution filtered and boiled on an oil-bath under reflux 
for 6 hours. A dark blue powder with metallic lustre was deposited. It was best purified by 
extracting it under reflux several times with glacial acetic acid (oil-bath), to remove soluble 
impurities, washing the residue with boiling water, and then extracting the moist solid several 
times with boiling pyridine (50 c.c.) for 1 hour: a considerable proportion of the substance 
dissolved in the pyridine in these circumstances, although the dry substance is only very spar- 
ingly soluble. The blue compound was obtained from the pyridine solution on addition of water 
(10 c.c.) and keeping for some days, or on addition of benzene. The product melted between 
295° and 310°, with decomposition, and was very sparingly soluble in the ‘common solvents ; 
boiling nitrobenzene, «-chloronaphthalene, or quinoline gradually decomposed it. The same 
substancé was prepared from the dihydrazone, aqueous butyric, chloroacetic, or phenylacetic 
acid being used, instead of acetic acid; but anhydrous acetic, chloroacetic, or phenylacetic acid 
did not yield any blue substance on prolonged fusion with the dihydrazone. The blue substance 
was also obtained when a filtered solution of the dihydrazone (5%) in cold glacial acetic acid, 
containing a little water, was kept for a month at room temperature. 

The considerable variations observed at first in analyses of the blue substance were later 
found to be due to the facts (a) that the material dried over calcium chloride or potash was 
somewhat hygroscopic, and (b) that the conditions of the preparation and preliminary purifica- 
tion produced variations in the content of the combined water (i.e., that not removable by means 
of the common desiccating agents). An average of analyses of six earlier specimens, prepared 
and purified in various ways and dried over calcium chloride, gave C, 65-9; H, 4-7; N, 19-8; 
whereas C,,H,,N,,4H,O requires C, 65:75; H, 4-1; N, 19-2%. Later, a specially pure sample 
was prepared, by the method given first above, and was purified by precipitation from 
pyridine with benzene; it was allowed to become fully hydrated in the air, giving then C, 62-0; 
H, 4-7; N, 18-3 (C,,H,,N,,6H,O requires C, 61-95; H, 4-5; N, 18-1%); on now being heated 
in a stream of dry air for 4 hours at 130°, it lost 8-6% of water (calc. for the loss of 3H,O in 
above formula, 8-7%): thus, allowing for the water of hydration (3H,O), the dried substance 
had C, 67-8; H, 4:1; N, 20-0, and may thus have been (IV) combined internally with three 
molecular proportions of water (C;,H,,N,,3H,O requires C, 6785; H, 3-9; N,19-8%). When 
the blue compound was prepared by the prolonged action of concentrated acetic acid on the 
dihydrazone in the cold, it appeared to consist of (IVA) in a tetrahydrated condition, the material 
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dried at 130° having C, 70-4; H, 3-7; N, 21-2 (C,s3H,,.N,,2H,O requires C, 70-05; H, 3-65; 
N, 20-45%). Oxidation of the blue compound was carried out in boiling glacial acetic acid, to 
which chromic acid was added slowly until the suspended solid had dissolved; the liquid, when 
diluted with water and cooled in ice, gave pure phthalimide (0-55 g. from 1 g. of the blue com- 
pound). For comparison, phthalaz-1 : 4-dione was oxidised in the same manner: no phthal- 
imide resulted, indicating that the blue compound did not possess a cyclohydrazide structure. 
Phthalaz-1 : 4-dithione gave no blue compound when heated with phthalimidine at 200°, this 
result pointing in the same direction. 

Action of Hydrogen Sulphide on Phthaloniirile—(a) Pure phthalonitrile (5 g.) was heated in a 
glass tube on an oil-bath at 150°, a vigorous stream of hydrogen sulphide (dried over phosphoric 
oxide) being passed through the molten mass by means of a wide delivery tube which was kept 
in rotation to act asastirrer. The temperature was gradually raised to 160°, the melt solidifying 
after about ? hour. The solid was powdered and treated with a slow stream of the gas at 180° 
for } hour; it was then extracted with boiling pyridine (two portions of 50 c.c. each) to remove 
tarry matter, washed with hot alcohol, and dried at 110°. The residue-of phthalocyanine 
weighed 2-6 g. (52% yield). 

(6) A mixture of phthalonitrile (2 parts) and aniline (1-46 parts; 1 mol.) was treated with a 
stream of hydrogen sulphide while being heated in an oil-bath at 180° for 1} hours. A stiff paste 
of greenish-blue needles with bronze lustre was obtained. This was submitted to filtration, and 
the crystals washed with boiling alcohol and pyridine. The product (yield, 0-55 part), which was 
free from sulphur, was identified as phthalocyanine by its properties and analysis (Found : 
C, 75-0; H, 3-6. Calc. for C,,H,,N,: C, 74:7; H, 3-5%). 
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116. The Persulphate-Iodide Reaction. Part II. The Critical Incre- 
ment, and the Catalysed Reaction in the Presence of Neutral Salts. 


By W. J. Howe tts. 


The reaction has been studied in the presence of different cations. The critical 
increment appears to be unaffected by interchange of cations; the velocity change 
observed is probably due to change in collision number. Increase in ionic strength 
is accompanied by an appreciable increase in the critical increment. The observed 
velocity has been compared with that calculated from the collision equation, and 
the probability factor is of the order 10“. The reaction catalysed by iron and copper 


ions has been examined from the standpoint of Brénsted’s theory, and qualitative 
agreement with this theory is evident. 


THE materials used and the experimental procedure have been described in Part I (Howells, 
J., 1939, 463). Determinations of velocity constants were made in slightly acid solutions 
(0-005n-sulphuric acid) since such solutions appear to give more consistent results than 
neutral solutions. The reaction may be regarded as S,O,” + I’ = S,0,I’”, followed by 
the rapid reaction S,O,I’” + I’ = 2SO,” + I,. 

The constants were calculated from the bimolecular equation k = x/at(a — x), a 
being the initial concentrations of persulphate and iodide in g.-equivs./l., and x the number 
of g.-equivs./l. of iodine liberated in ¢ minutes. The reaction is affected by light (see 
von Kiss, Rec. Trav. chim., 1927, 46, 230). In these experiments, and also in those described 
in Part I, the interior of the thermostat was only weakly illuminated—in almost all cases 
by artificial light. » 

The Critical Increment.—Velocity constants for the reaction were determined at two 
temperatures in the presence, separately, of potassium, ammonium, and sodium ions. 
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The results are recorded in Table I. The critical increment, with which is associated the 
energy of activation of the reaction, has been calculated from the relation 


E = 2-303RT,T, log (hos-/Roo*)/(T. — T)- 


TABLE I. 
0-0333N-R,S,0, + 0-0333N-RI + 0-005n-H,SO,. 


Rose X 10%. Rage X 105. E, cals. 
131 12,520 
117 12,320 
97 12,470 


Experimental errors may well account for the variation in the value of E. The critical 
increment is the same, or nearly so, for the reaction in the presence of the cations con- 
sidered and at the concentrations involved. According to the collision theory, k = pZe~®/®", 
The differences in the k values in Table I are probably due to different collision numbers. 

The Collision Equation.—Potassium persulphate and iodide being used, determinations 
of the reaction velocity were made at four temperatures. The results are recorded in 
Table II (a). The temperature coefficient k;./k,;- = 2-14; this is well below the average 
value, approximately 2-5, for so-called normal reactions. The plot of log k against 1/T 
approximates to a straight line, thus conforming to the Arrhenius equation. 


TABLE II. 
(a) 0-0333N-K,S,O, + 0-0333N-KI + 0-005n-H,SO,. 
28° 25° 20° 15° 
0-233 0-188 0-131 0-088 
(d) 0-0333N-K,S,0, + 0-0333N-KI + 0-005n-H,SO, + 0-5622N-NaCl. 
28° 25° 15° 
0-564 0-442 0-199 


(c) 0-0166N-K,S,0, + 0-0166N-KI + 0-005n-H,SO, + 0-5622N-NaCl. 


The average of the six possible E values, calculated from the k values given in Table 
II (a), is 12,840 cals. From Lewis’s collision equation (J., 1918, 113, 471) for a reaction 
between two unlike molecules, the equation 


k= No Cty {8x r7( ar} enn 


1000 M,* M, 


in 1. g.-mol.-! sec.“ has been derived (see Moelwyn-Hughes, “ Kinetics of Reactions in 
Solution,”’ 1933). The author is indebted to Dr. Moelwyn-Hughes for advice on the 
proper use of this equation. Originally intended for gaseous reactions, it has been success- 
fully applied to various reactions in solution. The reactions under consideration are those 
given on p. 641. The sum of the radii of the persulphate and the iodide ions has been 
taken as o,, = 5 X 10° cm., a sufficiently accurate approximation. With E = 12,840 
cals., & at 25° is calculated to be 5-079 x 10 1. g.-mol.-! sec. The experimental value, 
at the concentrations given in Table II (a), is k,;- = 0-188 where concentrations are 
expressed in g.-equivs./l. and time in mins., or ky; = 3-14 x 10-3 when time is expressed 
in secs. At zero ionic strength the extrapolated experimental value is about one-third 
of this (see Part I). 

The use of the unit g.-equiv. instead of g.-mol. does not alter the order of the & value. 
Hence, the probability factor ~ is.of the order 10~*. This large deviation from unity may 
be attributed to several causes. A high percentage of collisions occur between reacting 
ions and water molecules, and, since the latter greatly exceed the former in number, the 
frequency of such collisions will be high. Also, the reaction is not a normal bimolecular 
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one; a fugitive complex is,formed, and it is possible that its formation involves an appre- 
ciable absorption of energy, which would otherwise be available for activation. There 
are, too, reasons, resulting from the phenomenon of solvation, for expecting low / values 
for reactions between ions of like sign (see Bell, Ann. Reports, 1939). 

Critical Increments at Different Ionic Strengths.—Tables II (6) and II (c) record the 
results of determinations made at different temperatures in solutions of higher ionic 
strength than that indicated in Table II (a). The reaction rate in each determination at 
high concentration decreases as the reaction proceeds—this is partly due to loss of iodine 
during removal of solution by means of a pipette, and may also be due to a slight side 
reaction (see Jette and King, J. Amer. Chem. Soc., 1929, 51, 1034). Therefore, the extra- 
polated initial rates are given in Tables II (b)—(V). 

The & values in Table II (6) give an average value of E = 13,950 cals.; those in 
Table II (c) give E = 13,710 cals. Comparing these values with E = 12,840 cals.— 
found for the reaction in the absence of sodium chloride [Table II (a)]—-we find some evidence 
that the critical increment increases with ionic strength. Moelwyn-Hughes (of. cit.) has 
derived a quantitative expression for this increase. 


TABLE ITI. 
0-01666N-K,S,O, + 0-01666N-KI + 0-005N-H,SO, + RCI. 


0-0333 0-3000 0:5622 1-000 1-250 2-000 2-500 3-000 
0-163 0-287 0-409 0-594 0-691 1-135 1-510 1-906 
(F = 6-82) (F = 18-91) 


0-0333 0-1610 0-5622 1-208 1-500 2-000 
0-191 0-344 0-694 1-285 1-547 2-071 
(F = 11-57) (F = 34-5) 
0-0333 00-5622 LiCl, x 0-0333 0-3000 


0-182 0-579 k 0-143 0-162 0-262 
0-0333 0-3000 0-5622 
0-158 0-252 0-337 


Determinations at High Ionic Concentrations.—Determinations at concentrations com- 
parable with those indicated in Table III have been made by von Kiss (Z. physikal. 
Chem., 1928, 134, 26). They have been re-determined for the sake of uniformity and 
for comparison with results (Table V) for the catalysed reaction. The log k-\/T curve 
for the reaction in sodium chloride solutions is nearly straight; in potassium chloride 
solutions the convex nature of the curve is more pronounced. The values of F, the 
kinetic activity factor, have been calculated on the basis ky = 0-06 (see Part I). It was 
shown in Part I that F values decrease in the series from cesium to lithium. Table III 
shows that in concentrated solutions the kinetic activity factor in potassium chloride is 
nearly double that in sodium chloride solutions. 

A table of molal volumes of chlorides and iodides of alkali metals, and of the radii of 
the cations, is given by Scott (J. Physical Chem., 1931, 35, 3379) : 


Na. K. Rb. Cs. 
0-95 1-33 1-48 1-69 


The primary salt effect is, therefore, for the series of cations involved, greatest in the 
presence of the cation of largest radius. An explanation for this has been suggested in 
Part I (loc. cit.). The F values in the presence of potassium and sodium ions are roughly 
inversely proportional to the square of the radii. It is of some interest to compare these 
primary salt effects with corresponding secondary salt effects in a different reaction. 
Dawson and Key (J., 1928, 1239) determined the rate of the acetone-iodine reaction, 
catalysed by acetic acid, in the presence of chlorides of potassium, sodium, and lithium. 
The velocity-concentration curves exhibit maxima, and the velocity is highest in the 
presence of lithium ions and lowest in that of potassium ions. In this case the salt effect 
is mainly a secondary one. Here the smaller lithium ions exert a stronger attractive 
force than do the larger potassium ions on the acetic acid anions. Thus the lithium 
ions are more effective in liberating catalytic hydrogen ions. 
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TABLE IV. 
0-01666N-K,S,0, + 0-01666N-KI + 0-005N-H,SO, + Neutral salt. 
Concn., N. Salt. Cl. NOs. SO,. Concn., N. Salt. Cl. NO,. SO,. 
0-0333 K 0-191 0-188 0-180 0-5622 K 0-694 0-634 ~- 


0-0333 NH, 0-182 0-178 — 0-5622 Na 0-409 0-387 _ 
0-0333 Na 0-163 0-163 0-160 


Specific Ion Effects—The velocity constants concerned are given in Table IV, and 
show that interchange of anions causes a much smaller change of velocity than inter- 
change of cations—as we would expect, for anions have much less influence than cations 
on the reacting persulphate and iodide ions. 

In another experiment, 0-01666N-potassium persulphate, 0-01666N-potassium iodide, 
and 0-005Nn-sulphuric acid underwent reaction in presence of 0-4N-solutions of (a) sodium 
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chloride and potassium sulphate, (b) potassium chloride and sodium sulphate; the values 
of k were nearly identical, viz., 0-661 and 0-656 respectively. The two solutions behave 
as if they were identical, the salts probably being completely ionised. 


TABLE V. 
0-01666N-K,S,0, + 0-0166N-KI + 0-005n-HCl + 0-00005m-FeCl, + chloride. 

KCl, N. k. KCl, N. k. NaCl, Nn. k. NaCl, Nn. k. 

0 0-386 1-000 1-280 0 0-386 2-000 1-348 

0-5622 0-842 1-500 1-831 0-5622 0-536 

0 0-280 1-000 1-447 0 0-280 1-000 0-848 

0-5622 0-986 0-5622 0-599 

” The Catalysed Reaction.—Determinations of the rate of the persulphate-iodide reaction, 

catalysed separately by iron and copper ions, were made in the presence of potassium 
chloride and sodium chloride. The concentration of the ferric chloride and copper | 
sulphate used was in each case M/20,000. The results are given in Table V. 

That the rate of the reaction is much increased by these ions was shown by Price 
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(Z. physikal. Chem., 1898, 27, 474). According to von Kiss and von Zombory (Rec. 
Trav. chim., 1927, 46, 225), the ferric ions react thus: (i) 2Fe + 21’ = 2Fe™ + I,, 
(ii) 2Fe™ + 'S 20," = 2SO,” + 2Fe™*. Reaction (i) is almost instantaneous, reaction 
(ii) being measurable. Thése reactions are simultaneous with, and superimposed upon, 
the main persulphate—iodide reaction. 

On Brénsted’s theory, (ii) may be written Fe” + S,0,” = Fe,S,O,, followed by the 
rapid reaction Fe,S,O, + Fe™ = 2Fe™* + 2SO,", whence, for (ii), = Rofre~fs,0,"|fFe,5,0,: 
The salt effect in this reaction should, therefore, be negative. By using the expression 
— In f = aZ*4/I for the activity of an ion—where J is the ionic strength—it may be 
shown that, for reaction (ii), In k = In k, — 8 oc VJ. 

Assuming, in the reaction catalysed by copper ions, that the rapid reaction 2Cu™ + 
21’ = 2Cu’ + I, is followed by the measurable reaction 2Cu" + S,0,” = 2SO,” + 2Cu™, 
we may write k = kgfcu-fs,o,/feuso,. Here, too, the salt effect will be negative, and 
nk=Ink,—40 VI. 

These two In k expressions indicate that the negative salt effect should be greater 
in the presence of ferric than of cupric ions. That this is so is shown in the accompany- 
ing figure by the way in which the log k-+/J curves for the catalysed reaction converge 
upon those for the uncatalysed reaction. 

In the experiments concerned, the concentration of ferric and of cupric ions is the 
same. The results show that in the absence of neutral salts the catalytic effect of the 
former is greater than that of the latter ions, but that the reverse is true in the presence 
of high concentrations oa neutral salts. 


Portu, GLAM. : [Received, June 16th, 1941.]} 





117. The Coupling of m-Fluorophenol with some Diazotised Amines 
and the Preparation of 2-Fluorobenzoquinone. 


By HERBERT H. Hopcson and DoNALD E. NICHOLSON. 


3-Fluorophenol in alkaline solution appears to couple only in the 4-position and to 
form monoazo-dyes with diazo-compounds. The preparation and properties of 
2-fluorobenzoquinone are described. 


In view of the powerful negative inductive (— J) effect of fluorine, it would be expected 
that in 3-fluorophenol the 4-position would be so deactivated that some coupling with 
diazonium salts might occur in the 6-position, particularly as 3-fluorophenol is*more dis- 
sociated than phenol, a fact which should produce greater activation in the 6-position. 
Actually, aniline, sulphanilic acid, and m- and #-nitroaniline, when diazotised, all coupled 
in the 4-position only; even when a large excess of the diazo-compound was used, no 
evidence of the formation of a disazo-compound could be obtained. It is tentatively sug- 
gested that this may be due to the monoazo-dye having the quinonehydrazone form, with 
possible chelation between fluorine and hydrogen which 
N ee fx would tend to retain the structure (annexed formula). 

¢ > on __/—O There would thus be no active 2- and 6-positions. 
" Diazotised aniline and sulphanilic acid couple only slowly 
H<——F with 3-fluorophenol, but the velocity is considerably 
si = increased for diazotised m- and #-nitroanilines owing to the 
greater activity of the diazonium compounds. The resulting p-hydroxyazo-compounds are 
all readily reduced by sodium hyposulphite (‘‘ hydros”) in an alkaline medium, to give 

3-fluoro-4-aminophenol together with the original amine. 

The constitution of 3-fluoro-4-aminophenol followed from its identity with a specimen 
obtained from authentic 3-fluoro-4-nitrophenol (Hodgson and Nixon, J., 1928, 1879), and 
on oxidation with ferric chloride or chromic acid there resulted 2-flworobenzoquinone. 
was so prone to reduction by hydroxylamine or phenylhydrazine that an oxime or hydrazone 
could not be prepared directly with these reagents. 

It will be recalled that 3-fluoro-4-nitrosophenol (Hodgson and Nicholson, J., 1940, 
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1268) and 2-fluoro-4-nitrosophenol (tbid., p. 810) could only be obtained in the nitroso- 
phenolic form, and that 2- and 3-fluorobenzoquinone-4-oximes had no separate existence. 

It is of interest that the melting points of p-benzoquinone and its 2-fluoro-, 2-chloro-, 
and 2-bromo-derivatives are in the descending order, 116°, 80°, 57°, and 55°, respectively. 


EXPERIMENTAL. 


3-Fluoro-4-benzeneazophenol.—A solution of aniline (2-0 g.) in hydrochloric acid (6 c.c., 
d 1-16) and water (20 c.c.) was diazotised at 0° with sodium nitrite (2-0 g.) in water (20 c.c.). 
The excess of nitrous acid was destroyed with urea, and the diazo-solution stirred into a solution 
at 0° of 3-fluorophenol (2-4 g.) in water (50 c.c.) containing sodium hydroxide (3-0 g.): The 
precipitate of 3-fluoro-4-benzeneazophenoal, after being washed and dried, separated from glacial 
acetic acid in brown crystals, m. p. 139° (decomp.) (Found: N, 13-1. C,,H,ON,F requires N, 
12-9%), which gave a bright orange colour with concentrated sulphuric acid. The same com- 
pound was obtained when an excess of diazotised aniline over that required for coupling twice 
was used. ¢ 

3-Fluoro-4-aminophenol.—3-Fluoro-4-benzeneazophenol (1-5 g.) was made into a thin paste 
with water and treated gradually on the water bath at 95—100° with sodium hyposulphite 
(4-5 g. in all) until reduction was complete. The aniline formed was removed by steam- 
distillation ; on cooling, the residual liquor deposited 3-/luoro-4-aminophenol, which crystallised 
from ether or boiling water in long colourless needles, m. p. 139° (Found: N, 11-0. C,H,ONF 
requires N, 11-0%), identical with the compound prepared by reducing 3-fluoro-4-nitrophenol 
with iron and alcoholic hydrochloric acid. 

Oxidation of 3-Fluoro-4-aminophenol to 2-Fluorobenzoquinone.—(a) A mixture of 3-fluoro- 
4-aminophenol (0-5 g.), ferric chloride (2 g.), and water (5 c.c.) was refluxed for 15 minutes. 
2-Fluorobenzoquinone, removed by steam-distillation, crystallised from ether in golden-yellow 
plates, m. p. 80° (Found: C, 56-9; H, 2-4. C,H,O0,F requires C; 57-1; H, 2-4%), having a 
strong odour of benzoquinone. Ether extracted a further quantity from the distillate (total 
yield, ca. 0-2 g.). 

(b) A solution of 3-fluoro-4-aminophenol (0-5 g.) in 20% sulphuric acid (40 c.c.) was stirred 
below 10° with finely powdered potassium dichromate (1 g.). After 2:minutes an odour like 
that of benzoquinone was observed, and after 3 hours the precipitated 2-fluorobenzoquinone 
was collected. The filtrate, after treatment with a further quantity of potassium dichromate 
(2 g.), was kept overnight, and an additional amount of the quinone obtained by ether extraction 
(total yield, ca. 0-3 g.). 

3-Fluoro-4-hydroxyazobenzene-4'-sulphonic Acid.—This was formed when diazotised sulph- 
anilic acid, obtained by adding an aqueous solution of sodium sulphanilate and sodium nitrite 
to ice-cdld dilute sulphuric acid, was stirred with the calculated quantity of 3-fluorophenol in 
alkaline solution. Coupling, as in the case of diazotised aniline, proceeded slowly; next day, 
the orange dye was reduced in situ with sodium hyposulphite as above, and the 3-fluoro-4- 
aminophenol formed was extracted with ether. When an excess of diazotised sulphanilic acid 
was used, the yield of 3-fluoro-4-aminophenol was undiminished, showing that only the monoazo- 
dye had been formed in the coupling process. 

3-Fluoro-3'-nitro-4-benzeneazophenol.—A hydrochloric acid solution of diazotised m-nitro- 
aniline was stirred into a solution of the calculated weight of m-fluorophenol in aqueous sodium 
hydroxide. The red precipitate formed separated from glacial acetic acid in light orange 
crystals, m. p. 116° (Found: N, 16-2. C,,H,O,N;F requires N, 16-1%). When it was reduced 
with sodium hyposulphite as above, a mixture of 3-fluoro-4-aminophenol and m-phenylene- 
diamine was obtained. This mixture was neutralised with acetic acid and extracted with 
ether. The m-phenylenediamine in the solution was identified by conversion into Bismarck- 
brown by the addition of hydrochloric acid and sodium nitrite. 

3-Fluoro-4'-nitro-4-benzeneazophenol.—p-Nitroaniline was diazotised and added to the © 
calculated amount of 3-fluorophenol in alkaline solution as above.. The precipitate obtained 
crystallised from glacial acetic acid or 50% aqueous alcohol in scarlet needles, m. p. 196° (Found : 
N, 16-2. C,,H,O,N;F requires N, 16-1%). Reduction with sodium hyposulphite gave 3-fluoro- 
4-aminophenol and p-phenylenediamine; the former was extracted with ether, and the latter 
identified by oxidation with ferric chloride to p-benzoquinone. 


The authors thank Imperial Chemical Industries (Dyestufis) Ltd. for gifts of chemicals. 
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118. The Isomeric Mandelohydrazones of Benzoin. 
By ETHEL MARGARET Luis and ALEx. McKENZIE. 


y-Benzoin condenses with r-mandelohydrazide on the lines : 

Ph-CH(OH)-COPh + Ph-CH(OH)-CO-NH-NH, = 
H,O + Ph-CH(OH)-CPh:N-NH-CO-CHPh:OH 

Following on this observation, (—)benzoin (—)mandelohydrazone, (-+-)benzoin 
(+)mandelohydrazone, (—)benzoin (+-)mandelohydrazone, and (+-)benzoin (—)mandelo- 
hydvazone were prepared, and a resolution of r-benzoin by the agency of the optically 
active mandelohydrazides is also described. 

Two isomeric r-benzoin r-mandelohydrazones were isolated. 


For the preparation of the optically active benzoins the method of McKenzie and Wren 
(J., 1908, 93, 309; compare Wren, J., 1909, 95, 1593) has proved itself to be useful, and 
has been employed in numerous researches. This method involves the following stages, 
for example in the preparation of (—)benzoin : 


(—)Ph-CH(OH)-CO,H —-> (—)Ph-CH(OH)-CO,.R [R= Me or Et] 

—» (—) Ph-CH(OH)-CO-NH, —-—~—> (—) Ph-CH(OH)-COPh 
The optically active mandelic acids form the starting point for those changes, and we now 
describe another method, namely, one of resolution, in which the same acids are also 
employed. - 

r-Benzoin was warmed with a solution of y-mandelohydrazide in dilute acetic acid. On 
cooling, crystals of r-benzoin r-mandelohydrazone gradually separated, and by heating 
this compound with dilute hydrochloric acid r-benzoin was regenerated. 

(—)Benzoin (—)mandelohydrazone, prepared from (—)benzoin and (—)mandelohydrazide, 
is of interest from the point of view of rotatory dispersion. Thus, in methyl-alcoholic 
solution, [«], gave the value — 33°, whereas [«],,4, was very slightly less, namely — 32-2°, 
under similar conditions of concentration and temperature. The sign of rotation swung 
round to dextro- when violet light was used, the value [«],5;. + 36-3° being noted. A 
similar behaviour was observed with (+)benzoin (+-)mandelohydrazone. 

The antimeric (—)benzoin (+-)mandelohydrazone and (-+-)benzoin (—)mandelohydrazone, 
which were crystallised from ethyl alcohol, contained each 1 mol. of ethyl alcohol of 
crystallisation, which was expelled only after prolonged heating at 90—100° in a vacuum. 
The rotatory powers are high. The rotatory powers of the isomeric optically active 
benzoin mandelohydrazones in methyl-alcoholic solution are given in the following table. 

1. c. ef. (eit. of. (et... a [di 
(—)Benzoin (—)mandelo- 1 1-365 - —0-45° —33° —0-44° —32-2° — _— 
hydrazone 1 1-433 ~ — ao — +0-52° +36-3° 
™ em. fe". off. (e,. ie (ele 
(+)Benzoin (+)mandelo- ‘1-401 +0-46° +32-8° +0-45° +32-1° — — 
hydrazone 1 1-403 a --- — — -—0-44° —31-3° 
asiox- Lalbro1- 
(—)Benzoin (+)mandelo- 1-488 +2-53 +170 +3-15 +212 +6-79 +456 +2-68° +180° 
hydrazone (containing 
1 mol. EtOH) 


(+)Benzoin (—)mandelo- 1-606 —2-74 —171 —3-39 —211 7-22 —450 —2-89 —180° 
hydrazone (containing 
1 mol. EtOH) 


When (—)benzoin (—)mandelohydrazone was heated with n-hydrochloric acid, the 
resulting benzoin was considerably racemised under the conditions described in the experi- 
mental section, its rotation in acetone being only [«], —73-9°, whereas the value for 
(—)benzoin is — 117-5°. This marked racemisation had doubtless taken place, to some 
extent at least, after the liberation of the benzoin from the hydrazone, since (—)benzoin 
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itself did not entirely survive after being heated for 1 hour with 2N-hydrochloric acid, the 
rotation in acetone being then [«], —100-8°. 

r-Benzoin was resolved by means of (+)mandelohydrazide by dissolving the latter in 
hydrochloric acid, then adding an alcoholic solution of v-benzoin and heating for 30 
minutes. Prolonged heating is inadvisable. The resulting (+)benzoin (+)mandelo- 
hydrazone, which separated first, was decomposed by warming for ? hour with 0-3n-sul- 
phuric acid, and gave a good yield of optically pure (+)benzoin. Under these conditions 
no racemisation was detected. (—)Benzoin (+-)mandelohydrazone was also isolated as 
another product from the resolution. 

In some cases, however, the resolution was found to proceed on lines different from the 
above; for example, one experiment is recorded where (—)mandelohydrazide was used as 
the resolving agent. Here the crystals first obtained consisted of (+-)benzoin (—)mandelo- 
hydrazone, from which (+)benzoin was obtained on hydrolysis, whilst’ (—)benzoin 
(—)mandelohydrazone was isolated from the filtrate. In fact, from the results recorded 
and also from the results of other resolutions which need not be stated, it became clear 
that the resolution takes an irregular course. This we ascribe to the presence of nuclei 
which in due course had infected the atmosphere and initiated the crystallisation of the 
ethyl-alcoholic solutions, and this is all the more likely since crystallisation is slow in 
starting from the cold solutions. The difficulty in resolving r-phenylchloroacetic acid with 
morphine (McKenzie and Clough, J., 1908, 93, 811; 1909, 95, 777) may probably be 
ascribed to a similar cause (compare Ostromisslensky, Ber., 1908, 41, 3035). 

It may be observed that at least four isomeric racemates of benzoin mandelohydrazone 
are theoretically possible, since geometrical isomerism on the basis of the Hantzsch- 
Werner hypothesis may play a réle. In the light of the following observations we were 
led to examine the possibility of the existence of isomeric racemates. 

An ethyl-alcoholic solution of a mixture of equal quantities of (—)menthyl 
(+)mandelate, m. p. 98—99°, and (+)menthyl (—)mandelate, m. p. 98—99°, gave, on 
expulsion of the solvent, prisms of the optically inactive ester designated as r-menthy]l 
r-mandelate, m. p. 80—81° (McKenzie and Luis, J., 1934, 715). This racemic compound 
is, however, different from that obtained by dissolving a mixture of equal quantities of 
(—)menthyl (—)mandelate, m. p. 81—82°, and (+-)menthyl (+)mandelate, m. p. 81—82°, in 
acetone, and expelling the solvent. The product, which was optically inactive, consisted 
of silky needles, m. p. 103—104°, and was provisionally designated as d/-menthyl r-mandelate 
(McKenzie and Luis, Ber., 1936, 69,1118). Later, three optically inactive isomeric menthy]l 
esters of o-nitromandelic acid were described and designated as the a-, B-, and y-forms 
(Abbot, McKenzie, and Stewart, Ber., 1937, 70, 456), whilst three optically inactive isomeric 
bornyl mandelates were also isolated (Luis and McKenzie, ibid., p. 2161). On those lines, 
two optically inactive benzoin mandelohydrazones are described in the present paper. 
The «-form, m. p. 183—184° (decomp.), is dimorphous, crystallising in prisms or in silky 
needles, whilst the 6-form, m. p. 156—157° (decomp.), crystallises in prisms. 

An an example of an aldehyde which might possibly be resolved by means of the optically 
active mandelohydrazides, we selected dl-hydratropaldehyde for the reason that the de- 
amination of nor-(+)--ephedrine gives (+)hydratropaldehyde as one of the products 
(McKenzie, Luis, and Mitchell, Ber., 1932, 65, 798). An attempt made by Wootton (J., 
1910, 97, 405) to resolve this aldehyde by (+) 4-bromo-3-aminophenyl-«-camphoramic 
acid was unsuccessful, since the compounds did not interact. 

dl-Hydratropaldehyde condenses with r-mandelohydrazide to give r-hydratropaldehyde 
r-mandelohydrazone. When (-+)mandelohydrazide was used, r-hydratropaldehyde 
(+)mandelohydrazone was isolated, but since this compound appears to be “ partially 
racemic ”’ the attempt to resolve the aldehyde by this means was a failure. 

In the literature there are only a few examples recorded for the resolution of externally 
compensated aldehydes and ketones by the agency of compounds of known constitution. 
Neuberg (Ber., 1903, 36, 1192) used (—)menthylhydrazine for the resolution of r-arabinose. 
The experience of Marckwald and McKenzie on the isolation of the optically pure (—)amy]l 
alcohol present in fusel oil (Ber., 1901, 34, 485) enabled Neuberg and Federer (Ber., 1905, 
38, 866) to obtain a 94% pure (—)alcohol, by means of which they prepared (+)amyl- 





[1941] The Isomeric Mandelohydrazones of Benzoin. 649 


phenylhydrazine (probably not quite pure), which was then applied with success to the 
resolution of v-arabinose and r-galactose (Ber., 1905, 38, 868). More recently, Hopper and 
Wilson (J., 1928, 2483) employed (+-) and (—)8-«-phenylethylsemicarbazide for the resolu- 
tion of r-benzoin, which was also carried out by (—)8-menthylsemicarbazide (Crawford and 
Wilson, J., 1934, 1122) and by (++) and (—)8-a-phenylpropylsemicarbazide (Little, McLean, 
and Wilson, J., 1940, 336). d/-p-Methoxyhydratropaldehyde has been resolved by Betti 
(Ber., 1930, 63, 874) by means of (+-)phenyl-2-hydroxy-a-naphthylmethylamine (compare 
also Betti and Pratesi, Atti R. Accad. Lincei, 1931, 18, 646, for the resolution of 
p-methylhydratropaldehyde, and Betti and Pratesi, Biochem. Z., 1934, 274, 1, for a rather 
imperfect resolution of di-glyceraldehyde). Finally, Woodward, Kohman, and Harris (J. 
4mer. Chem. Soc., 1941, 63, 120) have recently resolved r-camphor by means of (—)menthyl 
N-aminocarbamate. 

From the preparative standpoint the method of obtaining the antimeric benzoins 
described in the present paper as well as the methods of Wilson and his colleagues are not 
nearly so practical as the method of McKenzie and Wren (loc. cit.). It may also be recalled 
that a method for preparing (—)benzoin from (+-)mandelonitrile has been devised by 
Smith (Ber., 1931, 64,427). The yield is not so good as that provided by the older method 
starting with the optically active mandelic acids, but it is more expeditious, since the time 
involved in converting amygdalin into (—)benzoin is much less than that demanded by 
the older method. If the latter method from (-+)mandelonitrile is employed, it should, 
however, be noted that this nitrile is exceedingly susceptible to catalytic racemisation, and 
the necessary care must be taken to avoid this. 

It is possible that the optically active mandelohydrazides or other hydrazides of simply 


constituted, optically active acids may prove to be of service in the future for the resolution 
of aldehydes and ketones. 


EXPERIMENTAL. 


Action of r-Mandelohydrazide on r-Benzoin.—When r-mandelohydrazide (Curtius and 
Miiller, Ber., 1901, 34, 2794) crystallised from ethyl alcohol, it separated in two dimorphous 
forms. The bulk formed glistening plates, m. p. 132—133°, and silky, prismatic needles, m. p. 
132—133°, separated from the filtrate overnight. The compound is described by Curtius and 
Miller as forming colourless leaflets, m. p. 132°, but the solvent is not given. 

When a trace was dissolved in concentrated sulphuric acid at the ordinary temperature a 
pink coloration appeared very slowly. -On warming, the solution assumed an orange tint. 

v-Benzoin (2-4 g.) was dissolved in a warm solution of the hydrazide (2 g.) in a mixture of 
water (24 c.c.) and glacial acetic acid (12 c.c.). The solid which separated after 3 days was 
crystallised from methyl alcohol. Yield, 1-2 g. 

t-Benzoin r-mandelohydrazone formed clusters of colourless prisms, m. p. 183—184° (decomp.) 
(Found: C, 73-5; H, 5-7; N, 8-0. C,,H,.O,N, requires C, 73-3; H, 5-6; N, 7-8%). On 
heating 1-2 g. on the water-bath for 1 hour with dilute hydrochloric acid, and then crystallising 
the resulting solid from ethyl alcohol, v-benzoin (0-6 g.) was obtained with m. p. 132—133°, not 
depressed by an authentic sample. 

Action of Hydrazine Hydrate on the Optically Active Ethyl Mandelates.—Ethy] (+ )mandelate 
(40 g.) was dissolved at the ordinary temperature in 160 c.c. of 50% aqueous hydrazine hydrate. 
The solid which separated overnight was crystallised from ethyl alcohol. Yield, 27 g. 

(+)Mandelohydrazide formed elongated prisms, m. p. 152—153° (Found: N, 16-9. 
C,H,,0,N, requires N, 16-9%). In methyl alcohol (J = 1, c = 2-585): al® + 1-35°, [a}i® 
+ 52-2°; af, + 1-58°, [o]i%. + 61-1°. 

(—)Mandelohydrazide, prepared in a similar manner from ethyl (—)mandelate (10 g.), 
crystallised from ethyl alcohol in elongated prisms, m. p, 152—153° (Found: C, 57-8; H, 5-8; 
N, 17-1. CgH yO,N, requires C, 57-8; H, 6-1; N, 169%). In methyl alcohol (/ = 1, 
c = 2-637): al® —1-39°, [a]}® — 52-7; ofS, — 1-62°, [a]#$, — 61-4°. Yield, 7-5 g. 

Condensation of the Optically Active Mandelohydrazides with the Optically Active Benzoins.— 
(—)Mandelohydrazide (2 g.) was dissolved in glacial acetic acid (12 c.c.), and the solution 
diluted with an equal bulk of water. (—)Benzoin (2-4 g.), prepared by the action of phenyl- 
magnesium bromide on (—)mandelamide (McKenzie and Wren, Joc. cit.), was dissolved in the 
warm solution. The solid which separated after 5 days at the ordinary temperature was 
crystallised from ethyl alcohol. Yield, 0-4 g. 

xx 
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(—)Benzoin (—)mandelohydrazone formed colourless, elongated prisms, m. p. 166—167° 
(decomp.) (Found : C, 72-9; H, 5-6; N, 7-9. CygH.»O3,N, requires C, 73-3; H, 5-6; N, 7°8%). 
The rotatory powers of this compound and those of its. optically active isomerides are given in 
the introduction. , 

For the preparation of the antimeride, an aqueous solution of sodium acetate (0-55 g.) was 
added to a solution of (+-)mandelohydrazide (0-7 g.) in glacial acetic acid diluted with an equal 
volume of water. A warm ethyl-alcoholic solution of (+)benzoin (0-9 g.), prepared from 
(+)mandelamide, was added, and the mixture was heated for 2 hours on the water-bath. 
After 1 day at the ordinary temperature, the solid which separated was crystallised from ethyl 
alcohol. Yield, 0-8 g. ; 

(+)Benzoin (+)mandelohydrazone formed colourless; elongated prisms, m. p. 166—167° 
(decomp.) (Found: C, 73-2; H, 5-5; N, 7-8%). 

Attempts to prepare the hydrazones which are diastereoisomeric with the preceding two 
presented some difficulty, the products from some experiments being gummy oils from which 
crystals were obtained in traces only. The following conditions led to the desired result. An 
aqueous solution of sodium acetate (0-8 g.) was added to a solution of (+)mandelohydrazide 
(1 g.) in N-hydrochloric acid (6 c.c.). To the warm solution a warm ethyl-alcoholic solution of 
(—)benzoin (1-3 g.) was added,‘and the mixture heated for } hour on the water-bath. At the 
ordinary temperature crystallisation proceeded very slowly, and after 5 days the resulting 
solid (1-5 g.) was crystallised from ethyl alcohol. Again crystallisation was slow. Yield, 
1-1 g. 

(—)Benzoin (+-)mandelohydrazone formed large, colourless prisms which, when dried in a 
vacuum at the ordinary temperature, melted indefinitely at 111—124° (Found: C, 71-1; H, 
6-5; N, 7-0. C,,H,.O,N,,C,H,-OH requires C, 70-9; H, 6-5; N,6-9%). The alcohol of crystal- 
lisation is removed from this compound only after prolonged heating. After 20 hours at 70— 
90° in a vacuum, 0-3829 g. lost 0-0336 g. and further heating at 90—100° for 14 hours was 
necessary before constancy in weight was obtained, the total loss in weight being 0-0405 g., the 
amount calculated for 1 mol. of C,H,-OH being 0-0433 g. At this stage the product still melted 
indefinitely, 2nd was now faintly yellow (Found: C, 73-0; H, 5-8; N, 7-7. CggH9O,N, requires 
C, 73-3; H, 5-6; N, 7:8%). The rotation was taken in methyl alcohol (/ = 1, c = 1-487): 
al® + 2-73°, [a] + 184°; off, + 2-92°, [o]3%, + 196°; of&, + 3-42°, [o:]2%, + 230°; alf;, 
+ 7:21°, [a]ifss + 485°. 

(+)Benzoin (—)mandelohydrazone, prepared from (+)benzoin (1-3 g.) and (—)mandelo- 
hydrazide (1 g.), crystallised from ethyl alcohol in bulky, colourless prisms which melted 
indefinitely after being dried in a vacuum at the ordinary temperature. Like its antimeride, it 
contained 1 mol. of ethyl alcohol of crystallisation (Found : C, 70-9; H, 6-5; N,6-8%). Yield, 
1 g. 
Like its antimeride, this compound lost weight on heating in a vacuum at 99—100°, the loss 
corresponding with 1 mol. of EtOH of crystallisation, the product giving in methyl alcohol 
[a]i8, — 230° (c = 1-497). From the latter, on crystallisation from ethyl alcohol, the hydrazone 
containing 1 mol. of ethyl alcohol of crystallisation was regenerated. Ethyl alcohol was the 
only solvent which was found suitable as a crystallising medium for this hydrazone:and its 
antimeride. 

Racemisation Phenomena.—The catalytic racemisation of (—)benzoin occurs in ethyl-alcoholic 
solution containing a trace of sodium ethoxide (Wren, loc. cit.; McKenzie, Roger, and Wills, J., 
1926, 789), and the racemisation of the optically active benzoins by various agents has been 
studied in some detail by Roger and McGregor (J., 1934, 1545). We now find that partial 
racemisation takes place under the following conditions when (—)benzoin (—)mandelohydrazone 
is decomposed by dilute hydrochloric acid. The hydrazone (0-2 g.) was heated with n-hydro- 
chloric acid (10 c.c.) for 1 hour on the water-bath. The benzoin which separated on cooling 
melted indefinitely at 122—126°, and gave in acetone [a}}”" — 73-9° (1 = 1,c = 1-056). Racemis- 
ation was thus considerable, since optically pure (—)benzoin has m. p. 132-5—133-5° and [a]}?" 
— 117-5° (c = 1-2508) in acetone (McKenzie and Wren, loc. cit.). It seems probable that this 
partial racemisation had taken place, at least to some extent, after the liberation of the benzoin 
from the hydrazone, since (—)benzoin itself undergoes partial racemisation under the following . 
conditions. (—)Benzoin (0-6 g.) was heated for 1 hour on the water-bath with 2n-hydro- 
chloric acid (30 c.c.). On cooling, the liquid was filtered, and the benzoin thus recovered was 
not optically pure, since it melted at 128—131°, and gave in acetone [a]$ —100-8° (J = 1, 
¢ = 1-3). It gave the optically pure (—)benzoin after two crystallisations from methyl alcohol. 

Resolution of r-Benzoin,—(-+)Mandelohydrazide (12 .g.) was dissolved in 2n-hydrochloric 
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acid (36 c.c.). An ethyl-alcoholic solution of r-benzoin (12 g.) was added to the warm solution, 
sufficient alcohol being added to prevent deposition of solid. After heating for 30 minutes on 
the water-bath, the solid (15-5 g.) which had separated overnight was crystallised from methyl 
alcohol. The prisms (3-8 g.), which separated very slowly, were recrystallised from methyl 
alcohol. The product (2-2 g.) had m. p. 166—167° (decomp.) (Found: C, 73-5; H, 5-6. Calc. : 
C, 73:3; H, 56%). In methyl alcohol (/ = 1, c = 1-361): aj +0-45°, [a] +33-1°; af, 
+ 0-44°, [a]i%. + 32-3°. After crystallisation from ethyl alcohol, there was no change in 
melting point or optical rotatory power. The compound was thus optically pure (+)benzoin 
(+)mandelohydrazone. An additional 1-5 g. were isolated from the filtrates. For the isolation 
of (+)benzoin, this hydrazone (2-2 g.) was warmed for } hour on the water-bath with 40 c.c. of 
0-3n-sulphuric acid, enough ethyl alcohol being added to bring about solution. The solid (I) 
(0-8 g.), which separated on cooling, gave (+-)benzoin, m. p. 133—134° (alone or mixed with an 
authentic sample) after two crystallisations from ethyl alcohol. In acetone (J = 1, ¢ = 1-504) : 
al?” + 1-76°, [aJB” +117°; aff, +2°18°, [a]3%. + 144-9°. Some additional (+)benzoin was 
obtained from the alcoholic filtrate, and some by heating the filtrate from (I) with dilute sulphuric 
- acid. In all, 0-87 g. of optically pure (+)benzoin was obtained. Yield,67%. , 

By fractional crystallisation of the filtrate from which the above 3-8 g. had been removed, 
crystals of optically pure (—)benzoin (+)mandelohydrazone (2-4 g.) were isolated. 

In a second resolution of r-benzoin (25-6 g.) with (+)mandelohydrazide (20 g.) the experi- 
mental conditions were similar to the preceding except that the heating of the alcoholic solution 
was prolonged for 6 hours. On this occasion only 9-9 g. of crystals had been deposited after 1 
week. These were dissolved in ethyl alcohol, and crystallisation was again slow. After 1 
week optically pure (+)benzoin (+)mandelohydrazone (4-2 g.) separated, and optically pure 
(—)benzoin (+)mandelohydrazone (4-5 g.) was isolated from the filtrate. 

Prolonged heating of the resolution mixture is inadvisable, since, when the heating was 
prolonged over 11 hours with the same quantities as in the preceding experiment, the product 
was a viscous yellow oil from which no solid was obtained. 

In some other cases the resolution took a somewhat different course. Thus, an aqueous 
solution of sodium acetate (15-9 g.) was added to a solution of (—)mandelohydrazide (20 g.) in 
2n-hydrochloric acid (60 c.c.), an ethyl-alcoholic solution of r-benzoin (25-6 g.) being then added, 
and the solution heated on the water-bath for 30 minutes. On cooling, a yellow oil, but no 
solid, separated. The whole was then heated for an additional 30 minutes, and after 2 days at 
the ordinary temperature, the viscous semi-solid, yellowish product (30 g.) was heated with 
ethyl alcohol (100 c.c.). On cooling, and removal of a small amount of insoluble solid, 
glassy prisms of optically pure (+)benzoin (—)mandelohydrazone (6-8 g.) gradually 
separated. This hydrazone (2 g.) was hydrolysed with sulphuric acid, optically pure (+)benzoin 
(0-63 g.) being isolated, m. p. 132—134°; in acetone (c = 1-5,/ = 1): [o]?%, +145-3°. Yield, 
60%. From the filtrate from which the above-mentioned hydrazone had been removed, 
optically pure (—)benzoin (—)mandelohydrazone (2 g.) was obtained, m. p. 166—167° (de- 
comp.), not depressed by an authentic sample. 

Isomeric Optically Inactive Benzoin Mandelohydvazones.—The preparation of the isomeride 
which we propose to designate as the a-form, and which crystallises in prisms, m. p. 183—184° 
(decomp.), has already been described. The compound was formed by the condensation of 
y-benzoin with r-mandelohydrazide. It was also synthesised as follows. 

A mixture of (—)benzoin (—)mandelohydrazone (0-1546 g.) and (-+)benzoin (+)mandelo- 
hydrazone (0-1546 g.) was dissolved in ethyl alcohol. The solution was allowed to evaporate 
spontaneously at the ordinary temperature; long, silky, colourless needles were gradually 
deposited and no other form of crystal could be detected. After the alcohol had evaporated, 
the residue was optically inactive in methyl-alcoholic solution. After one crystallisation from 
ethyl alcohol, long needles, m. p. 183—184° (decomp.), again separated, and there was no change 
in m. p. after a further crystallisation (Found : C, 73-6; H, 5-6; N, 7-8. C,,H,,O,N, requires 
C, 73-3; H, 5-6; N,7-8%). Although this product crystallised in needles, it gave no depression 
in the m. p. when mixed with the prisms, m. p. 183—184° (decomp.). 

r-Benzoin r-mandelohydrazone (8-form) was prepared as follows. (—)Benzoin (+)mandelo- 
hydrazone (0-237 g.) and (+)benzoin (—)mandelohydrazone (0-237 g.) were mixed in ethyl- 
alcoholic solution. During spontaneous evaporation of the solvent crystals separated in 
sheaves of elongated prisms. After the solvent hael disappeared, the residue was dried under 
diminished pressure, and then had m. p. 155—157° (decomp.). It was optically inactive in 
methyl-alcoholic solution. From ethyl alcohol it crystallised slowly in elongated, glassy, 
colourless prisms, m. p. 156—157° (decomp.), and the m. p. was unchanged after one further 
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crystallisation from ethyl alcohol. A mixture with the «-form melted indefinitely at 148—160° 
(decomp.). The 8-form differed from the optically active isomerides from which it had been 
synthesised by crystallising without ethyl alcohol of crystallisation (Found: C, 73-5; H, 5:5; 
N, 7°8. CggHO,N, requires C, 73-3; H, 5-6; N, 7-8%). - 

y-Benzoin (10 g.) and r-mandelohydrazide (7-8 g.) were mixed in ethyl-alcoholic solution, 
and about 10 drops of glacial acetic acid added. After heating for 3 hours under reflux, both 
the «- and the @-form were isolated from the mixture, the former easily but the latter with 
some difficulty. 

Action of r-Mandelohydrazide on dl-Hydratropaldehyde.—An ethyl-alcoholic solution of a 
mixture of dl-hydratropaldehyde (15-5 g.) and r-mandelohydrazide (19 g.) was heated for 15 
minutes. The crystals (28 g.) which separated from the cold solution were recrystallised first 
from benzene and then from ethyl alcohol. Yield, 23 g. 

r-Hydratropaldehyde r-mandelohydrazone formed colourless prisms, m. p. 138—139° (Found: 
C, 72-5; H, 6-6; N, 9-4. C,,H,,0O,N, requires C, 72-3; H, 6-4; N, 9-9%). ; 

r-Hydratropaldehyde (+-)Mandelohydrazone.—dl-Hydratropaldehyde (2 g.) was added to an 
ethyl-alcohalic solution of (-+)mandelohydrazide (2-4 g.) and heated on the water-bath for 15 
‘minutes. The crystals (3-3 g.) which separated from the cold solution were recrystallised from 
ethyl alcohol. The crystals (2-45 g.) had m. p. 150—152°, and gave in methyl alcohol [a]?” 
+ 78-8° (c = 1-917). After one more crystallisation, the product (1-5 g.) had m. p. 150—152°, 
and gave in methyl alcohol [a]? + 80-9° (c = 1-915). One further crystallisation gave colour- 
less prisms (0-7 g.), m. p. 150—152°, with [«]}* + 80-7° (c = 1-98) in methyl alcohol. These 
results suggest that we have to deal with a “‘ partially racemic ’’ compound. 

_ 1-Hydratropaldehyde (—)mandelohydrazone, prepared in a similar manner, formed colourless 
prisms, m. p. 150—152° (Found: C, 72-5; H, 6-4. C,,H,,0,N, requires C, 72-3; H, 6-4%). 


Thanks are expressed to the Carnegie Trust for the Universities of Scotland for the award 
of a Teaching Fellowship to one of us (E. M. L.). 


UNIVERSITY COLLEGE, DUNDEE, ‘ (Received, June 26th, 1941.] 
UNIVERSITY OF ST. ANDREWS. 





119. The Influence. of Substituents on the Reactivity of the 
Hydroxyl Group in 8-Phenylethyl Alcohol. 


By G. M. BenNeETT and MostaFaA ManmMoup Harez. 


A series of substituted 6-phenylethyl alcohols with substituents in the o- and p- 
positions has been prepared and their reactivities with hydrobromic acid examined in 
order to discover which atoms or groups cause the special activity of hydrox{1] previously 
found in the open-chain 8-hydroxy-sulphides. The alcohol with the methylthio- 
group, CH,°S-, in the o-position reacts 620 times as fast as its p-isomeride, but several 
other substituents show no such effect. A similar effect of the amino-group, which 
might be expected, could not be demonstrated by means of the reaction with hydro- 
bromic acid owing to salt formation. A high reactivity of the hydroxyl group in o- 
amino-f$-phenylethyl alcohol is nevertheless displayed in a remarkable reaction which 
it undergoes with arylsulphonyl chlorides. This readily yields the cyclic base indoline, 
and the mechanism of this process is discussed. o-Methylthio-B-phenylethyl alcohol reacts 
with hydrochloric acid at the same speed as with hydrobromic acid, a fact which throws 
light on the nature of the reaction. 


In previous papers (Bennett and Mosses, J., 1931, 2956; Bennett and Reynolds, J., 1935, 
131).a study was made of the velocity of reaction of a number of alcohols with hydro- 
bromic acid in phenolic solution, and a greatly enhanced reactivity was found in compounds 
having in the molecule a sulphur atom separated from the hydroxyl group by a chain 
of four saturated carbon atoms, that is to say, in 8-hydroxy-sulphides R-S-(CH,],°OH. 
In the present communication we describe an investigation of some substituted 
8-phenylethyl alcohols with substituents in the o- and #-positions. As the substituent in 
the o-position in these alcohols is separated by four atoms from the hydroxyl group, any 
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activating effects of the kind previously detected should become apparent, the p-isomeride 
providing in each case a standard against which to judge the extent of the effect. 

The substituted phenylethyl alcohols were prepared from the o- and p-amino-f-phenyl- 
ethyl alcohols by methods requiring, in general, no comment. A surprising reaction was, 
however, discovered when the o-amino-alcohol was shaken with #-toluenesulphonyl 
chloride and aqueous alkali with the object of preparing the arylsulphonamido-alcohol. 
The product isolated was insoluble in alkali and proved to be the #-toluenesulphonyl 
derivative of the cyclic base indoline (dihydroindole). This reaction must depend on a 
high reactivity of the hydroxyl group and will be discussed later (p. 655). When the parent 
alcohol was dissolved in pyridine the arylsulphonyl chloride acted upon it normally to 
give the required arylsulphonamido-alcohol, which dissolved in alkali in the usual manner. 

Following the experimental method described in previous communications, we have 
examined the velocities of reaction of these alcohols with hydrobromic acid in phenol 
solution. The results are in the following table. 


Velocities of Reaction of Substituted Alcohols, CoH ,X° -CH,°CH,°OH, with Hydrobromic 
Acid at 80°:k x 104. 


Me-SO, H I SMe Ph:SO,NH OMe 
4-35 (5-90) 6-9 11-0 54-0 106 
3-20 (5-90) 3-25 6,840 43-0 35-0 


The coefficients k have been calculated by means of the general equation for a reversible 
second-order reaction, but in the case of the nitro- and iodo-alcohols the ordinary equation 
for an irreversible reaction was used, since the observations did not extend over any large 
fraction of the complete reaction and the two equations give almost identical results 
(compare Bennett and Reynolds, Joc. cit.). 

The figure for the o-MeS compound is approximate, having been computed by extra- 
polation from two observations at 30° and 40°. There is moreover some uncertainty as 
to the kinetics of this activated reaction, which probably has its own mechanism (see 
P. 654). There is no doubt, however, that the o-methylthio-alcohol reacts about 600 
times as rapidly with hydrobromic acid as does its p-isomeride. At the same time the 
activation energy is approximately 22,000 cals. in both cases. 

The figures for the p-substituted alcohols show comparative reactivities increasing 
with various substituents in the following series: NO,<MeSO,<H<I<SMe< 
Ph:SO,,NH<OMe. The sequence is consistent with the known inductive effects of these 
atoms and groups, and the classification of the reaction as one retarded by electron recession, 
and needs no further discussion. 

A comparison of the figures for the o- and p-isomerides reveals no striking difference 
of reactivity except in the case of the methylthio-group. The ratio of the velocities of 
reaction of these two substances is even higher than that found for the alcohols of the 
structures C,H,*S:[CH,],OH and C,H,°S:[CH,],,°OH. This is in agreement with the 
view previously advanced that the enhanced reactivity depends on the ready approach 
of the sulphur atom to the CH,°OH group in the former substance. The rigid structure 
of the group CH,°C,H,°SMe of o-methylthio-B-phenylethyl alcohol must make the mutual 
approach of carbinol group and sulphur atom more easy than was the case with the open- 
chain hydroxy-sulphide in which four methylene groups intervene between sulphur and 
hydroxyl with freedom of rotation at every point. 

These results give a clear indication of the nature of the action of the activating group 
SMe. The characteristic of this group is that it possesses on the sulphur atom lone pairs 
of electrons known to be available for covalency formation with alkyl radicals. If the 
effect were exactly parallel with the basic function of the group, the methoxy-group should 
be more effective than the methylthio-group; but it is not, indeed there is no certain 
indication of any special activity in o-methoxy-B-phenylethyl alcohol. If the mere posses- 
sion, by the atoms of the substituent, of lone pairs of electrons were the essential factor, 
the iodine atom or the nitro-group should show such effects; but they do not. It seems, 
therefore, that the influence under discussion depends on the capacity of the sulphur 
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atom to pass into the 3-covalent condition by sharing a lone pair of electrons with another 
carbon atom. j 

In the reaction between o-methylthio-6-phenylethyl alcohol and hydrobromic acid 
the cyclic sulphonium bromide is produced just as had been found with other 8-hydroxy- 
sulphides in earlier experiments. The corresponding chloride was prepared by heating 
o-methylthio-B-phenylethyl chloride in solution and was characterised as the dihydrothio- 
naphthenmethylsulphonium chloroplatinate. 

The question arises as to how the cyclic salt is formed in the reaction with hydro- 
bromic acid. A direct formation of the sulphonium base, which would then react with 
the acid, is excluded, since the hydroxy-sulphide remains neutral and unchanged even 
after long heating at 100° in solution. In an earlier paper (Bennett and Mosses, J., 1930, 
2364) it was shown, in a similar case, that the open-chain bromo-sulphide was present in 
the reaction product and the cyclic sulphonium salt was regarded as formed from this by 
internal self-addition. But in view of the fact that the addition of an alkyl halide to a 
sulphide is always a reversible reaction it is apparent that the presence of the open-chain 
bromo-sulphide in the product is not conclusive evidence of the course of the reaction. 
In the present instance there are thus two possibilities, A and B, in which the bromo- 
sulphide is formed directly and indirectly respectively : 


SCH, , a ‘ 
r 


Js 
CH,°CH,°OH CoH >CH, + H,O 
Cy K +HB SCH 


A simple test is, however, available and has been applied to decide between these altern- 
atives. If hydrochloric acid be used in place of hydrobromic acid, the process must be 
much slower at each stage according to scheme A, for alcohols react far more rapidly 
with hydrobromic than with hydrochloric acid and alkyl bromides undergo addition to 
sulphides much faster than do alkyl chlorides. If the process is represented correctly 
by B, however, the essential reaction is between the hydroxy-sulphide and hydrogen 
ions and if the hydrogen-ion activity is approximately the same in equivalent solutions 
of hydrochloric and hydrobromic acids the rates of disappearance of acid should be 
approximately the same. This was found in fact to be the case and the validity of scheme 
B is therefore confirmed. 

From the point of view developed above, a nitrogen atom should be more potent than 
the sulphur atom. It was therefore to be expected that an amino- or substituted amino- 
group in the o-position would exercise a strong activating influence upon the hydroxyl 
group in @-phenylethyl alcohol. Our criterion of reactivity, the speed of reaction with 
hydrobromic acid, could, however, not be applied to a substance with a free amino-group, 
since this must be at once converted by salt formation into the ammonium group, which 
could not be expected to have any such effect. It seemed possible that an acylamido- 
group might retain sufficient chemical activity to display the effect, although no longer 
strongly basic; but it was found that both the acetamido- and the benzamido-group gave 
evidence of hydrolysis under the experimental conditions used, and the benzenesulphon- 
amido-alcohol was the only one tested which was sufficiently resistant to acid hydrolysis 
to permit accurate measurement of reaction velocity. In view of the fact that benzene- 
sulphonic acid is a strong acid it is not surprising that the resulting figures give no evidence 
of special reactivity in the o-isomeride. 

An abnormally high reactivity in the hydroxyl group of o-amino-f$-phenylethyl alcohol 
(I, X = H) must, nevertheless, be responsible for the ready conversion of this substance, 
by shaking with arylsulphonyl chlorides and cold aqueous alkali, into the corresponding 
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arylsulphonylindoline (II, X = SO,Ar). The p-isomeride showed no such action. The 
nature of this unexpected reaction presented an interesting problem, which was closely 
studied and must be considered in detail. 


H,-CH,-OH ae / Hy CHY 
| Ha es 
NHX Nx NH, 


(I.) (II.) (III.) 


There appear to be at least four possible ways in which the final product might have 
been formed : (i) the amino-alcohol might have lost the elements of water to give the cyclic 
amine, which would then have been converted into the arylsulphonyl derivative; (ii) the 
arylsulphonamido-alcohol (I, X = SO,Ar) might have been first formed and this converted 
into the cyclic product by loss of water ; (iii) the arylsulphonyl chloride might have attacked 
the hydroxyl group, yielding the o-amino-f-phenylethyl arylsulphonate (III, Y = O-SO,Ar), 
which would then by internal self-addition give the arylsulphonic acid salt of the cyclic 
amine and finally the amine would be liberated and converted into its -arylsulphonyl 
derivative; (iv) the reagents might have attacked the hydroxyl group, inserting a chlorine 
atom in its place, and the resulting amino-$-phenylethyl chloride (III, Y = Cl) would 
then have undergone ring-closure to the hydrochloride of the cyclic base and the aryl- 
sulphony]l derivative would finally have resulted. 

Of these possibilities, (i) is excluded by the fact that the o-amino-alcohol shows no sign 
of conversion into the cyclic base when heated alone or with alkali but in the latter case 
is known to yield the corresponding styrene (Sabetay, Bull. Soc. chim., 1931, 49, 3); (ii) 
is disproved by the stability of the benzenesulphonamido-alcohol, which, prepared in 
pyridine solution, dissolves. in alkali and is recovered unchanged on acidification and 
shows no tendency to yield the cyclic product. This possibility is also excluded by the 
observation that the action of not more than one molecular proportion of arylsulphonyl 
chloride upon the amino-alcohol produces free indoline (compare Bennett and Hafez, 
this vol., p. 287). 

In view of the high reactivity of alkyl p-toluenesulphonates, the scheme (iii) is at first 
sight a plausible explanation. But such esters are easily hydrolysed and are unlikely 
to be formed directly in alkaline solution. A test on the parent @-phenylethyl alcohol 
showed, in fact, that the alcohol could be recovered unchanged under these conditions 
and no evidence was obtained of a sulphonic ester being produced. Moreover the type 
of reactivity possessed by the hydroxyl group in these compounds, while promoting the 
substitution of bromine for hydroxyl, is not such as to facilitate the formation of an acid 
ester (compare Bennett and Reynolds, Joc. cit.) but rather to make this difficult. Further- 
more, if the arylsulphony] radical were introduced, one might expect it to enter the amino- 
group in preference to the hydroxyl group. 

It thus appears that scheme (iv) is the only one of those considered which fits the facts. 
The amino-§-phenylethyl chloride, thus regarded as an intermediate, was not detected. 
The o-acetamido- and -benzamido-$-phenylethyl alcohols were also found to react readily 
. in the same way with benzenesulphonyl chloride and alkali to yield N-acetyl- and N- 
benzoyl-indoline, thus demonstrating the activating effects of these acylamido-groups 
on hydroxyl. 

The corresponding reaction with o-benzenesulphonamido-$-phenylethyl alcohol is 
slow and incomplete, consistently with the reduced action of the group owing to the 
strength of the sulphonic acid. 

In the reaction of the acylamidophenylethyl alcohols with benzenesulphonyl chloride 
the corresponding chlorides were again not detected, but these substances were separately 
prepared and found to yield the acylindolines very readily by reaction with alkali. 

The conversion of these substituted alcohols into chlorides by the arylsulphony] chloride 
would not be without analogy. At first sight the reaction resembles most closely that 
. discovered by Ullmann and Nadai (Ber., 1908, 41, 1870; also Ullmann and Bruck, 7bid., 
p. 3932) by which di- and tri-nitrophenols yield the corresponding chloronitrobenzenes 
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by heating with p-toluenesulphonyl chloride and a tertiary base. The properties of the 
hydroxyl group in these compounds are acidic, however, and the reaction is more ready 
with the trinitro- than the dinitro-phenol, whereas the hydroxyl group of o-amino-f- 
phenylethyl alcohol has properties of a basic type resembling those of tertiary butyl 
alcohol or the ¥-bases of the quinoline series. It is, in fact, known that ¢ert.-butyl alcohol 
reacts with acetyl chloride and with oxalyl chloride to give ¢ert.-butyl chloride (Henry, 
Compt. rend., 1906, 142, 129; Adams and Weeks, J. Amer. Chem. Soe., 1916, 38, 2518) 
and we have ourselves found that tert.-butyl alcohol, heated with pyridine and #-toluene- 
sulphonyl chloride at 100°, yields ¢ert.-butyl chloride. The displacement of hydroxyl 
groups of types differing as do those of tert.-buty]l alcohol and picric acid no doubt proceeds 
by different mechanisms just as the hydrolysis of the corresponding chlorides presumably 
does, but there can be no doubt that a high reactivity closely resembling that of ¢ert.- 
butyl alcohol or a ¥-base is shown by o-amino-$-phenylethyl alcohol. 

As regards the mechanism of the formation of the nitrogen ring from o-amino-$-pheny]l- 
ethyl alcohol the similarity of the change to that of o-methylthio-$-phenylethyl alcohol 
to the cyclic sulphonium salt naturally suggests the possibility of some similar direct 
reaction. In this case we are unable to represent such a process rationally, but we recognise 
that the possibility in question has not been completely excluded. 


EXPERIMENTAL. 


Amino-B-phenylethyl Alcohols and Derivatives.—o-Amino-$-phenylethyl alcohol was pre- 
pared as described by Bennett and Hafez (loc. cit.), where the N-acetyl and the N-benzoyl 
derivative are also described. 

p-Amino-f-phenylethyl alcohol, made from the nitro-alcohol by reduction with iron and a 
little hydrochloric acid in alcoholic solution, had m. p. 107°, and its hydrochloride m. p. 163° 
(Pistschimuka gives m. p. 171° for the base, but this is incorrect and possibly referred to the 
hydrochloride). The N-acetyl derivative has m. p. 105° (Found: C, 67-2; H, 7-2; N, 8-0. 
C,9H,,;0,N requires C, 66-9; H, 7:3; N, 7:8%). The N-benzoyl derivative forms minute 
elongated plates with a straight extinction, m. p. 139—140° (Found: C, 74-6; H, 5-9; N, 5-9. 
C,,;H,,0O,N requires C, 74:7; H, 6-2; N, 58%). 

Arylsulphonamido-$-phenylethyl alcohols were obtained in good yield by action of the 
required sulphonyl chloride on the amino-alcohol dissolved in pyridine (5 mols.), the mixture 
being warmed for 4 hour. The products from the isomeric amino-alcohols were each soluble 
in alkali and reprecipitated by acid. 

o-Benzenesulphonamido-B-phenylethyl alcohol forms small orthorhombic prisms from benzene 
or benzene—paraffin which have a high double refraction and a straight extinction, m. p. 89° 
(Found: C, 60-9; H, 5-5; N, 5-4. C,,H,,0O,;NS requires C, 60-6; H, 5-4; N, 5-1%). The 
p-benzenesulphonamido-B-phenylethyl alcohol forms colourless prisms with an oblique extinction, 
m. p. 93° (Found: C, 60-9; H, 5-3; N, 5-4%). 

o- and p-Iodo-B-phenylethyl Alcohols.—These substances were prepared from the pure amino- 
alcohols by adding concentrated potassium iodide solution to their diazotised solutions. After 
warming to complete the reaction the product was distilled in steam. The 0o-compound was 
collected from the product of slower distillation after the dihydrobenzofuran had quickly 
distilled. The distillate was saturated with salt and extracted with ether, and the extract dried 
over sodium sulphate and distilled as a colourless oil of pleasant odour, b. p. 136°/4 mm., a? 
1-7371, n>" 1-6154, [Rz]p 49°84 (calc., 49-79) (Found: C, 39-0; H, 3-7. C,H,OI requires C, 
38-7; H, 3-6%). 

The p-isomeride forms white crystals, m. p. 48—49° (compare Baddeley and Bennett, J., 
1935, 1820) (Found: C, 39-0; H, 3-7%). 

p-Methylthio-B-phenylethyl Alcohol and Derivatives.—p-Amino-$-phenylethyl alcohol (24 g.) 
diazotised at 5° (45 c.c. of concentrated hydrochloric acid in 75 c.c. of water with 13-5 g. of 
sodium nitrite) was gradually added to a well-stirred solution of potassium ethyl xanthate 
(45 g. in 80 c.c. of water) at 65—70°. When the mixture had cooled, the xanthic ester was 
removed in ether, and the extract washed twice with dilute sodium hydroxide solution and with 
water and evaporated. The crude ester was at once hydrolysed by heating with potassium 
hydroxide (25 g. in 10 c.c. of water and 40 c.c. of alcohol) for 1 hour, after which the solution 
remained almost clear on dilution. Methyl sulphate (15 c.c.) was now added with vigorous 
shaking, and the reaction completed by heating for 2 hours. After being left over-night, the 
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oily product was extracted with ether, and the solution dried with potassium carbonate and 
distilled. After a small amount of distillate of b. p. 72°/18 mm. the bulk of the product boiled 
at 175°/18 mm., solidified in the receiver, and was the desired p-methylthio-B-phenylethyl alcohol, 
which crystallised in small, doubly refracting plates, m. p. 37°, from carbon disulphide or 
petroleum (Found: C, 64-1; H, 7-1; S, 19-3. C,H,,OS requires C, 64-3; H, 7-1; S, 19-0%). 

This sulphide (5 g.) was oxidised with hydrogen peroxide (12 c.c. of 90 vol.) in glacial acetic 
acid (30 c.c.) on the water-bath for 2 hours. After most of the acetic acid had been distilled, 
and the remainder had been warmed with aqueous sodium hydroxide to hydrolyse any acetyl 
derivative, the alkali was neutralised and the solution evaporated. The p-methylsulphonyl- 
6-phenylethyl alcohol was extracted in benzene, from which it crystallised in doubly refracting 
needles with a straight extinction, m. p. 64° (Found: C, 54:4; H, 5-7. C,H,,0,S requires 
C, 54:0; H, 6-0%). 

To the p-methylthiophenylethyl alcohol (5 g. in 40 c.c. of chloroform) were successively 
added dimethylaniline (7-5 c.c.) and thionyl chloride (7 c.c. in 10 c.c. of chloroform), the mixture, 
after 2 hours, being heated for } hour and poured into dilute acid and well washed. p-Methyl- 
thio-8-phenylethyl chloride was thus obtained as an almost colourless oil, b. p. 131°/4 mm. (Found : 
C, 58-2; H, 6-2; Cl, 18-6. C,H,,CIS requires C, 57-9; H, 5-9; Cl, 19-0%). 

o-Methylthio-8-phenylethyl Alcohol and Derivatives.—o-Amino-f$-phenylethyl alcohol (24 g.) 
was diazotised (45 c.c. of concentrated hydrochloric acid with 135 c.c. of water and 13-5 g. of 
sodium nitrite) and converted into the xanthic ester as for the p-isomeride. Alcoholic potassium 
hydroxide was added to this ester and, after the mixture had cooled, the alcohol was distilled 
quickly in a current of nitrogen. The solution was diluted and extracted once with ether to 
remove alkali-insoluble materials, and methyl sulphate (12 c.c.) at once added. The product 
was isolated as for the p-isomeride and obtained as an oil, b. p. 169°/16-5 mm. (yield, 35% of 
the amine used). In order to secure a high degree of purity for the purpose of the reaction 
velocity measurements this substance was regenerated from the nitro- or dinitro-benzoate. 
The p-nitrobenzoyl derivative formed pale yellow needles with a straight extinction, m. p. 66— 
67°, from paraffin (b. p. 60—80°) (Found: N, 4:5; S, 10-4. C,,H,,O,NS requires N, 4-4; 
S, 10:1%). Carbon analyses tended to be high (Found: C, 61-4; H, 4-7. Calc.: C, 60-6; 
H, 4:7%). The 3: 5-dinitrobenzoyl derivative formed bright yellow prisms with a straight 
extinction, m. p. 93°, from paraffin (b. p. 80—100°) (Found: N, 7-8. C,,.H,,O,N,S requires 
N, 7:7%). Carbon analyses were again high (Found: C, 53-9; H, 3-8. Calc.: C, 52-9; 
H, 3-9%). 

The pure o-methylthio-B-phenylethyl alcohol was prepared by hydrolysing the repeatedly 
crystallised dinitrobenzoyl derivative and was thus obtained as a straw-coloured oil of faint 
pleasant odour, b. p. 165°/12-5 mm., 293°/766 mm. (uncorr.) without decomposition (Found : 
C, 64-2; H, 7-2; S, 18-8. C,H,,OS requires C, 64:3; H, 7-1; S, 190%). It had dj 1-12521 
and n%$° 1-5874, whence [Rz]p 50-25. The value calculated from the atomic constants of 
Eisenléhr and of Price and Twiss is 49-72. The difference of half a unit between these two 
figures is, however, normal for substances with a sulphur atom attached to the aromatic nucleus, 
as was found in a series of such compounds a few years ago (Bennett, Heathcoat, and Mosses, 
J., 1929, 2569) where an exaltation of 0-3—0-8 unit was always observed. A similar exaltation 
is shown, too, by the data in the literature for phenyl methyl sulphide ([Rz]p 39-37. Calc., 
39-00). 

This sulphide was oxidised with hydrogen peroxide in glacial acetic acid, as for the p-iso- 
meride, and yielded the o-methylsulphonyl-B-phenylethyl alcohol as an oil, b. p. 210°/3-5 mm. 
(Found: C, 54-4; H, 5-7. C,H,,0,S requires C, 54-0; H, 6-0%). 

Thionyl chloride and dimethylaniline acted on the parent alcohol to produce o-methylthio- 
§-phenylethyl chloride, a nearly colourless oil, b. p. 122°/4 mm. (Found: C, 58-3; H, 5-6; Cl, 
18-8. C,H,,CIS requires C, 57-9; H, 5-9; Cl, 19-0%). Heated at 100° in phenol solution for 
several hours, this substance yielded a cyclic sulphonium salt. The phenol was removed in 
steam, the residual solution extracted repeatedly with ether to remove unchanged material, 
and the product then precipitated with chloroplatinic acid. Dihydrothionaphthenmethyl- 
sulphonium chloroplatinate was thus obtained as a yellow crystalline powder, m. p. 100° (decomp.) 
(Found: Pt, 27-1. C,,H,,Cl,S,Pt requires Pt, 27-5%) 

Preparation of o- and p-Methoxy-B-phenylethyl Alcohols.—(i) o-Amino-$-phenylethyl alcohol 
(21 g.) was diazotised in hydrochloric acid solution (15 c.c. of concentrated acid in 60 c.c. of 
water with 11 g. of sodium nitrite) and warmed until evolution of gas ceased. A concentrated 
solution of sodium hydroxide (22 g.) was added, and a little dihydrobenzofuran removed in a 
current of steam. The solution was then nearly neutralised with dilute sulphuric acid, and 
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carbon dioxide passed to liberate the phenol. The solution was saturated with sodium chloride, 
and the product extracted with ether, dried over sodium sulphate, and distilled. o-Hydroxy- 
phenylethyl alcohol was thus obtained (yield, 70%), b. p. 150°/3 mm. (Stoermer and Kahlert, 
Ber., 1901, 34, 1806, give b. p. 168—169°/12 mm. for this substance, obtained as one of the 
products of the action of alcoholic potash on coumarone). Methylation with 10% sodium 
hydroxide solution and methyl sulphate gave o-methoxy-B-phenylethyl alcohol as an oil, b. p. 
123°/5 mm. (Found: C, 70-7; H, 8-2. C,H,,0, requires C, 71-0; H, 7:9%). It had ad? 
1-0939, n%3° 1-5340, whence [Rz]p 43-17 (calc., 43-25). 

(ii) p-Methoxy-B-phenylethyl alcohol was obtained similarly by methylating the phenol 
prepared from the ~-aminophenylethyl alcohol as for the o-isomeride. It was also obtained 
direct in the following way : To p-aminophenylethy] alcohol (20 g.), dissolved in methyl alcohol 
(200 c.c.) with concentrated sulphuric acid (16 c.c.), a solution of sodium nitrite (11-5 g. in 25 
c.c. of water) was slowly added at 5—10°. The solution was warmed slowly to 50° and then 
kept at 60° until gas evolution ceased. The inorganic salts were removed by filtration, and 
the free acid neutralised with dilute potassium hydroxide solution. Alcohol was distilled, 
and the product extracted with ether. The solution was washed with dilute aqueous sodium 
hydroxide, with dilute acid and with water, and dried over sodium sulphate. Distillation 
yielded a colourless oil, b. p. 148—149°/19 mm., solidifying in the receiver, which was crystallised 
from light petroleum. It had m. p: 27-5—28° (Found: C, 71-2; H, 7-7. C,H,,O, requires 
C, 71-1; H, 79%). (Yield, direct from the amine, 30% of the calculated. Better yields were 
obtained by conversion into the phenol and methylation of this as with the o-isomeride.) 

Measurements of Velocity of Reaction with Hydrobromic Acid.—The methods used were as 
described in previous papers (Bennett and Mosses, Bennett and Reynolds, locc. cit.), reaction 
mixtures being used with initial concentrations approximately in the molecular ratio alcohol : 
acid : water = 1:2:10. With those alcohols which reacted but slowly at 80° a quantity of 
the reaction mixture was made up at laboratory temperature and aliquot portions were measured 
out into a series of tubes, which were then sealed and heated in the thermostat at 80-0° + 0-05°. 
With more reactive alcohols the contents of each tube were separately measured or weighed 
into the tube, cooled in ice, and the tube sealed and finally transferred with shaking to the 
thermostat. 

Bromophenol-blue or methyl-red was used as indicator in the titrations. Where the reaction 
was rapid, it was followed as far as possible towards the point of equilibrium, and the equation 
for a reversible reaction applied (Bennett and Mosses, loc. cit.). When it was slow, it was not 
practicable to follow the reaction so far and the simple equation for a reaction of second order 
was used. 

The data for two substances are given in detail, the symbols having the same meaning as 
before. 


B-Phenylethyl alcohol at 800°. a= 0-4837 mol./l., b = 1-122, d = 6-153, K = 9-97. 


120 180 300 360 480 600 720 
17-16 16-90 16-49 16-25 15-97 15-73 15-33 
5-65 6-00 5-80 6-10 5-80 6-15 —— 

Mean 5-90 x 10-. 


p-Methylthio-B-phenylethyl alcohol at 80-0°. a = 0-5705 mol./l., b = 1-095, d = 6-008, K = 12-68, 


¢ (mins.) 65 20 180 240 300 420 480 600 780 
16-66 16-44 15-70 15-32 14-92 14-42 14-16 13-75 13-41 
1-09 1-14 1-14 1-15 1-08 1-09 1-09 — 
Mean 1-10 x 10°. 


The mean values of k for the whole series have been given in the table on p. 653 (time in 
minutes, concentrations in mols./l.). These represent figures for k,, the velocity of the forward 
reaction in general, but for the nitro- and iodo-alcohols they are the ordinary second-order 
coefficients. The observed mean values at two temperatures for the isomeric methylthio-6- 
phenylethyl alcohols are: ortho at 30°, k, = 4:43 x 10-3; at 40°, 14-1 x 10%, whence the 
activation energy is 21,800 cals. and the velocity at 80° isk, = 0-684: para at 80°, k,; = 1-10 x 
10; at 90°, 2-62 x 10-*, whence the activation energy is 22,100 cals. 

Comparison of Rates of Reaction of o-Methylthio-B-phenylethyl Alcohol with Hydrochloric and 
Hydrobromic Acids.—Comparative tests were made over equal intervals of time with pairs of 
solutions of the alcohol in phenol with hydrochloric and hydrobromic acids, the concentrations 
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being equivalent in the parallel experiments and the acid and alcohol being present in the 
molecular ratio of 2: 1 in each case. 


Extent of reaction in % of total possible. 





Time, mins. 3 With HCl. With HBr. 
30 3-6 3-3 
60 . 19-0 18-6 
63 23-0 21-0 


Experiments showing Special Reactivity in 0-A mino-B-phenylethyl Alcohol and its Derivatives.— 
(1) When o-amino-$-phenylethyl alcohol was shaken with p-toluenesulphonyl chloride (slightly 
more than 1 mol.) and 10% aqueous sodium hydroxide in order to prepare the arylsulphonyl 
derivative of this amine, the only solid product was a little p-toluenesulphonylindoline, m. p. 
100°, insoluble in alkali. The mother-liquor smelt strongly of a base and when more toluene- 
sulphonyl chloride was added it yielded further quantities of the same substance.” 

Similar results were obtainéd with benzenesulphonyl chloride, the product being benzene- 
sulphonylindoline, m. p. 133°. 

(2) In either case, by using exactly one molecular proportion of the acid chloride, the cyclic 
amine was produced and could be removed in steam and isolated (compare Bennett and Hafez, 
loc. cit.). : 

(3) When acetyl chloride or benzoyl chloride was used in place of the arylsulphony] chlorides, 
no cyclic product was formed. 

(4) Equivalent amounts of phenylethyl alcohol and benzenesulphonyl chloride were shaken 
with 10% alkali solution under similar conditions. The oil recovered had the smell and pro- 
perties of unchanged phenylethyl alcohol and yielded with phenyl isocyanate the phenyl- 
urethane, m. p. 80° (Found: C, 74-5; H, 6-0; N, 6-1. Calc.: C, 74-6; H, 6-2; N, 58%). 

(5) o-Benzamido-8-phenylethyl alcohol (1 g. in 15 c.c. of acetone) was mixed with 10% 
sodium hydroxide solution (9 c.c.), benzenesulphonyl chloride (9-8 c.c.) added gradually, and 
the whole shaken for } hour. The acetone was evaporated on the water-bath; the oil which 
then separated solidified on cooling and proved to be N-benzoylindoline, m. p. 118° after 
crystallisation from spirit (Found: C, 81-0; H, 5-5; N, 5-8. Calc.: C, 80-7; H, 5-8; N, 
6-3%). o-Acetamido-8-phenylethyl alcohol, similarly treated, yielded N-acetylindoline, 
m. p. 105° (Found: C, 74:3; H, 6-8; N, 8-8. Calc.: C, 74-5; H, 6-8; N, 87%). 

When o-benzenesulphonamidophenylethyl alcohol was subjected to the same treatment, a 
small amount of impure benzenesulphonylindoline was formed. The crude material had m. p. 
115°, but a mixture with pure benzenesulphonylindoline melted at 131°. The bulk of the 
o-benzenesulphonamido-alcohol was recovered unchanged by acidifying the alkaline mother- 
liquor. 

(6) To o-benzamido-f-phenylethyl alcohol (2 g.), dissolved in chloroform (30 c.c.) with 
dimethylaniline (2 c.c.), thionyl chloride (2 c.c. in 10 c.c. of chloroform) was gradually added, 
and the mixture kept for several hours. The solution was then washed thrice with concentrated 
hydrochloric acid and repeatedly with water, dried over calcium chloride, and evaporated. 
The residual oil solidified when stirred with a little water, crystallised from aqueous alcohol in 
doubly refracting plates with a straight extinction, m. p. 119-5°, and was o-benzamido-B-phenyl- 
ethyl chloride (Found: C, 69-5; H, 5-3; N, 5-2; Cl, 13-3. C,;H,,ONCI requires C, 69-4; H, 
5-4; N, 5-4; Cl, 13-6%). This substance was dissolved in acetone, and an excess of sodium 
hydroxide added. The temperature rose and after a few minutes the material was recovered 
by evaporating the acetone. It contained no chlorine, had m. p. 118°, and proved to be 
N-benzoylindoline (mixed m. p.). 

(7) To o-amino-$-phenylethyl chloride hydrochloride (Bennett and Hafez, loc. cit.) (1-2 g.), 
dissolved in dry pyridine (3 c.c.), acetyl chloride (2 c.c.) was added slowly. After a few minutes, 
water was added, and the solid product collected and washed well with hydrochloric acid and 
water. 0-Acetamido-B-phenylethyl chloride, so obtained, crystallised from 75% alcohol in 
needles with an oblique extinction, m. p. 120° (Found: C, 60-6; H, 6-2; N, 7-4; Cl, 18-1. 
C,,H,,ONCI requires C, 60-8; H, 6-1; N, 7-1; Cl, 180%). This substance was at once con- 
verted by the action of alkali in acetone into N-acetylindoline, m. p. and mixed m. p. 105°. 


We again make grateful acknowledgment of the assistance one of us has received from 
_ the Egyptian Government. 
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Robinson and Vasey: Hexamethoxybenzene. 


120. Hexamethoxybenzene. 
By Str RoBErT Rosinson and C. VASEY. 


In the course of experiments on derivatives of pentahydroxybenzene, required 
for the synthesis of nobiletin (Tseng, J., 1938, 1003; Robinson and Tseng, ibid., p. 1004), 
hexamethoxybenzene has been incidentally prepared by a simple method. 


A FEW years ago Dr. H. Erdtman privately communicated the substance of an interesting 
synthesis of pentamethoxybenzene which he had devised (since published; Aulin and 
Erdtman, Svensk Kem. Tidskr., 1937, 49, 208). We employed the method for preparative 
purposes, but, as we did not know the full details, made some independent experiments. 

Accordirfg to Aulin and Erdtman, 2 : 6-dimethoxy-p-benzoquinone is brominated at 
100° to 3 : 5-dibromo-2 : 6-dimethoxy-p-benzoquinone (I), whereas bromination i in chloro- 
form at the ene rete affords the Pavenene quinol. 


. OAc 
Me Me Me H oat OH Me OAc 
B r H Br B Br 
Ac 


(I.) (II.) (III.) (IV.) 


The Swedish authors hydrolysed (I) to (II) by means of aqueous methyl-alcoholic sodium 
hydroxide, and from (II) by reduction, acetylation, hydrolysis, and methylation, they 
obtained pentamethoxybenzene. To this we may add that hydrolysis of (I) by cold 
aqueous sodium hydroxide affords in the first instance 3 : 5-dibromo-6-hydroxy-2-methoxy- 
p-benzoquinone (III), which by reductive acetylation is converted into 2 : 3 : 5-triacetoxy- 
anisole (IV). The corresponding trihydric phenol was not obtained analytically pure, but 
was converted into 2: 3: 6-trihydroxy-4-methoxybenzaldehyde (V) by the Gattermann 
synthesis. The constitution of this aldehyde is deduced from the colour reactions of the 
anthocyanidin obtained from it by coupling with o : 4-dihydroxy-3 : 5-dimethoxyaceto- 
phenone (the intermediate for malvidin). Had the formyl group entered the other _— 
position, a synthesis of carajurin would have been feasible. 


OH al 


~~ OH Ho CO 
M H HO’ i H H OM 
vy HO Y) eas Oe gee. . 
H (VI.) (VII.) 


As the above-mentioned colour reactions showed that the hydroxyl in position 2 of (V) 
took part in the benzopyrylium salt synthesis, the substance had reacted as a derivative 
of pyrogallolaldehyde. For comparison we prepared two flavylium salts from the latter 
aldehyde, namely, 3: 7: 8: 3’ : 4'-pentahydroxyflavylium chloride (V1) and 7 : 8-dihydroxy- 
4’-methoxyflavylium chloride (VII). The action of methyl-alcoholic sodium methoxide on 
(I) gave tetramethoxy-p-benzoqguinone, which was reduced and acetylated to tetramethoxy- 
quinol diacetate. Hydrolysis and methylation yielded hexamethoxybenzene. 


EXPERIMENTAL. 


2 : 6-Dibromo-3 : 5-dimethoxy-p-benzoquinone (I).—A quantitative yield was obtained from 
dimethoxybenzoquinone (32 g.), bromine (24 c.c.), and chloroform (100 c.c.). The mixture 
was kept for a few hours and then distilled ; the residue crystallised from acetic acid in red plates, 
m, p. 175°. Possibly the quinol derivative formed in the cold (cf. Aulin and Erdtmann, loc. cit.) 
is oxidised when the solvent is evaporated. Attempts to prepare a monobromo-derivative 
resulted in the formation of the dibromo-compound from half the dimethoxybenzoquinone 
employed. 

3 : 5-Dibromo-6-hydroxy-2-methoxy-p-benzoquinone (III).—Finely powdered dibromodimeth- 
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oxybenzoquinone (20 g.) was shaken with cold aqueous 0-1N-sodium hydroxide (700 c.c.) for 10 
minutes. The violet solution was filtered from unchanged material (4-6 g.) and acidified with 
hydrochloric acid. The red precipitate (10 g.) crystallised from dilute hydrochloric acid in red 
prisms, m. p. 183° (Found: C, 27-1; H, 1-4; OMe, 9-9; Br, 51-3. C,H,O,Br, requires C, 
27-0; H, 1-3; 10Me, 9-9; Br, 51-3%). The substance is soluble in concentrated mineral acids 
to a salmon-coloured solution and in aqueous alkalis to violet solutions. 

2:3: 5-Triacetoxyanisole (IV).—Zinc dust (50 g.) was gradually added with shaking to a 
mixture of hydroxymethoxydibromobenzoquinone (27 g.), acetic acid (50 c.c.), and acetic 
anhydride (150 c.c.). After the addition of anhydrous sodium acetate (10 g.) the whole was 
refluxed for 7 hours and then decomposed with water (1 1.). A white mass of crystals (26 g.) 
separated and the substance crystallised from alcohol in needles, m. p. 105° (Found: C, 55-5; 
H, 4:9; OMe, 11-1. C,,;H,,0O, requires C, 55-4; H, 5-0; 1OMe, 11-0%). This substance is 
readily soluble in benzene, chloroform and hot alcohol, sparingly in light petroleum and cold 
alcohol. On boiling with aqueous sodium hydroxide in the air, the solution becomes green and 
then red; acidification then gives an orange-coloured solution indicating the presence of a 
quinone. The substance can be distilled under diminished pressure without decomposition. 

The triacetate (10 g.) was refluxed with methyl alcohol (50 c.c.) and hydrochloric acid (2 c.c., 
d 1-165) for 14 hours, and the solution concentrated at 40° under diminished pressure. The 
syrupy residue crystallised (m. p. 119—125°), but no method for further purification was found. 
This polyhydric phenol is freely soluble in alcohol, ether, acetone, acetic acid, ethyl acetate and 
water and sparingly soluble in hydrocarbons and chloroform. 

2:3: 6-Trihydroxy-4-methoxybenzaldehyde (V).—A rapid stream of hydrogen chloride was 
passed into a mixture of the above crude trihydroxyanisole (5 g.), zinc cyanide (6-4 g.), and ether 
(100 c.c.) while cooling in ice and then for ? hour at room temperature. The ether was decanted, 
and the aldimine hydrochloride boiled with water (60 c.c.) for 4 minutes. After cooling, the 
solid was collected, washed with water, and dried (3 g.). The substance crystallised from 30% 
acetic acid in yellow needles, decomp. 199—200° (Found : C, 52-3; H, 4-4. CgH,O, requires C, 
52-2; H, 4.4%). It was freely soluble in alcohol, acetone and acetic acid, moderately readily 
soluble in ether, ethyl acetate and water, and sparingly soluble in hydrocarbons. It easily 
formed an orange 2: 4-dinitrophenylhydrazone. In aerated aqueous sodium hydroxide a 
yellow solution was formed; this quickly became red, then green and finally colourless. 

Condensation with w : 4-dihydroxy-3 : 5-dimethoxyacetophenone was accomplished in the 
usual manner in ethyl acetate solution in the presence of hydrogen chloride. The deep bluish- 
red flavylium salt was purified by extraction with ethyl acetate from an acid solution and by 
solution in 1% hydrochloric acid after the addition of light petroleum. The salt is not extracted 
by the “‘ cyanidin reagent ’’ and it is completely extracted by the “‘ delphinidin reagent ”’ (cf. 
Robinson and Robinson, Biochem. J., 1931, 25, 1693). It gives a’rich blye-violet solution in 
aqueous sodium carbonate and a greenish-blue solution in aqueous sodium hydroxide. The 
most significant property is that it is ferric negative and this shows that vicinal hydroxyl groups 
are not present. : 

3:7:8:3' : 4'-Pentahydroxyflavylium Chloride (V1).—Dry hydrogen chloride was passed 
for 4 hours into a solution of pyrogallolaldehyde (Adams and Levine, J. Amer. Chem. Soc., 1923, 
45, 2375) (2-5 g.) and w : 3 : 4-triacetoxyacetophenone (3-9 g.) in the minimum quantity of ethyl 
acetate. After 12 hours, ether was added, and the red solid collected and boiled for 10 minutes 
with aqueous alcoholic hydrochloric acid. The salt was precipitated by the addition of con- 
centrated hydrochloric acid and thrice crystallised from 2N-hydrochloric acid. It separated 
very slowly in long, red needles with a green reflex (Found in material dried over calcium 
chloride: C, 47-9; H, 4:3; Cl, 7-8. C,,H,,O,Cl,3H,O requires C, 47-8; H, 4:5; Cl, 94%. 
Found in material dried at 110° in a high vacuum: C, 55-2; H, 3-5; Cl, 8-6. C,;H,,0,Cl 
requires C, 55-8; H, 3-4; Cl, 110%). It is evident that a part of the hydrogen chloride is 
replaced by water, an observation frequently made in other cases. The red solution in dilute 
hydrochloric acid becomes bluish-green on the addition of sodium carbonate and the colour 
fades. With sodium hydroxide the same coloration was followed by more rapid fading. The 
principal absorption band of a solution in 0-1N-hydrochloric acid occurs at 5180 a. 

7 : 8-Dihydroxy-4'-methoxyflavylium Chloride (VII).—This was obtained like the foregoing 
salt from pyrogallolaldehyde and p-methoxyacetophenone. The substance crystallised from 
the reaction mixture and was recrystallised from much dilute hydrochloric acid, being obtained 
in, reddish-violet, prismatic needles (Found in material dried at 100° in a high vacuum: C, 
62-8; .H, 4-3; Cl, 11-6. C,,H,,0,Cl requires C, 62-9; H, 4:3; Cl, 11-7%). The loss on drying 
corresponded to 1H,O. The colour reaction with aqueous sodium acetate is violet; with 
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sodium carbonate and sodium hydroxide, greenish-blue fading to red, and more rapidly in the 
latter case. The principle absorption band in 0-1n-hydrochloric acid solution occurs at 4620a. 

Tetramethoxy-p-benzoquinone.—A solution of sodium methoxide (4 g.. of sodium) in a little 
methyl alcohol was added to a suspension of 3 : 5-dibromo-2 : 6-dimethoxybenzoquinone (16 g.) 
in methyl alcohol (150 c.c.). After 3 hours, the mixture was heated on the steam-bath for 34 
hour. The cooled solution was acidified with hydrochloric acid, and the solid collected; it 
crystallised from alcohol in orange needles, m. p. 130° (Found: C, 52-5; H, 5-4. CC, H,,0, 
requires C, 52-6; H, 5-3%). The substance is insoluble in cold aqueous sodium carbonate but 
slowly dissolves in 2N-sodium hydroxide to a violet solution. Acidification then affords a 
precipitate soluble in aqueous sodium carbonate, showing that hydrolysis has occurred. 

1:2:4: 5-Tetramethoxy-3 : 6-diacetoxybenzene.—A little more zinc dust than was necessary 
to decolorise the solution was added to a mixture of tetramethoxybenzoquinone (5 g.), sodium 
acetate (5 g.), acetic acid (10 c.c.), and acetic anhydride (30 c.c.). After refluxing for 7 hours, 
the product was added to water. The colourless solid that separated after some time crystallised 
from alcohol in white needles, m. p. 134° (Found: C, 53-7; H, 5-8. C,,H,,0, requires C, 
53-5; H, 5-8%). 

Hexamethoxybenzene.—A solution of tetramethoxydiacetoxybenzene (4 g.) in methyl alcohol 
(25 c.c.) and concentrated hydrochloric acid (1 c.c.) was refluxed for 1 hour in a coal-gas atmo- 
sphere. After cooling, sodium hydroxide (15 g.) in water (90 c.c.) was added and with vigorous 
stirring methyl sulphate (15 c.c.) was gradually introduced at about 90°. After 4 hours’ stirring, 
more methyl sulphate (5 c.c.) and sodium hydroxide (15 g.), dissolved in a little water, were 
added. After a time the mixture was refluxed for 4 hour. The product was isolated by means 
of ether and purified by distillation under diminished pressure and crystallisation from light 
petroleum (b. p. 40—60°). The white needles, m. p. 81°, had b. p. ca. 278° (Found: C, 55-8; 
H, 7-0. C,,H,,0, requires C, 55-8; H, 7-0%). Hexamethoxybenzene is readily soluble in the 
common organic solvents and moderately readily soluble in water; it may be crystallised from 
hot water. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 17th, 1941.] 





121. Derivatives of Pentahydroxybenzene, and a Synthesis of 
Pedicellin. 


By WILson BAKER. 


Recorded syntheses‘of derivatives of pentahydroxybenzene are reviewed, and the 
naturally occurring derivatives are mentioned. The methods now described make 
use, in the final stage, of the oxidation of o-hydroxytrimethoxyacetophenones by 
means of alkaline hydrogen peroxide to give dihydroxytrimethoxybenzenes, (II) to 
(III), and (VII) and (X) to (VIII). Pentamethoxybenzene (IV) is best prepared in 
quantity from the very accessible 1 : 2: 3: 5-tetramethoxybenzene (I) via the com- 
pounds (II) and (III). The catechol (III) is oxidised by aqueous ferric chloride to 
the quinone (XI), of which various derivatives are described. Compound (II) is 
oxidised by alkaline potassium persulphate to the pentahydroxyacetophenone deriv- 
ative (XVI), from which the naturally occurring chalkone pedicellin (XVIII) has been 
synthesised. Pentamethoxybenzene, treated with acetyl and aluminium chlorides in 
ethereal solution, yields the hydroxypentamethoxyacetophenone (XIX), which may 
be readily converted into hexamethoxybenzene. 


THE possibility of extending the author’s work on the synthesis of derivatives of 1: 2:3: 4- 
tetrahydroxybenzene (papers in this Journal from 1931 to 1941) to derivatives of penta- 
hydroxybenzene has been investigated as occasion offered during the last three years. 
A complete investigation of the chemistry of such compounds was originally planned, but 
this has had to be abandoned for the time being* In view of the increasing interest in 
naturally occurring derivatives of pentahydroxybenzene it seems desirable that the 
synthetical methods which have been developed should be described, especially as, for 
the first time, some of these substances may now be very readily prepared. 

The following derivatives of pentahydroxybenzene have been isolated from plant 
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sources: the flavonol calycopterin (thapsin) (Ratnagiriswaran, Sehra, and Venkatara- 
man, Biochem. J., 1934, 28, 1964; Karrer, Helv. Chim. Acta, 1934, 17, 1560; Karrer and 
Venkataraman, Nature, 1935, 135, 878; see also Bose and Bose, J. Indian Chem. Soc., 
1939, 16, 184, footnote); nobiletin, 5:6:7:8: 3’: 4’-hexamethoxyflavone (Tseng and 
Yu, J. Chinese Pharm. Assoc., 1936, 1, 1; Tseng, J., 1938, 1003; Robinson and Tseng, 
ibid., p. 1004); spinulosin, 3 : 6-dihydroxy-4-methoxy-2 : 5-toluquinone (Anslow and 
Raistrick, Biochem. J., 1938, 32, 687); erianthin, 5: 7-dihydroxy-3 : 6 : 8 : 3’ : 4’-penta- 
methoxyflavone (Bose and Dutt, J. Indian Chem. Soc., 1940, 17, 45); and pedicin, 2 : 3- 
dihydroxy-4 : 5 : 6-trimethoxyphenyl styryl ketone, and the closely related compounds 
pedicellin (dimethyl ether of pedicin), iso- and y-pedicin, and pedicinin (Siddiqui, 
J. Indian Chem. Soc., 1937, 14, 703; Sharma and Siddiqui, ibid., 1939, 16 1; Warsi 
and Siddiqui, ibid., p. 519; Bose and Dutt, ibid., 1940, 17, 499). 

Four separate methods for the synthesis of pentahydroxybenzene derivatives have 
been recorded. (1) Wenzel and Weidel (Verh. Vers. Deut. Naturf. Aerzte, 1902, ii, 1, 88; 
see Chem. Centr., 1903, II, 829), and Wenzel (Chemtkerzeitung, 1902, 943) hydrolysed tri- 
aminoresorcinol diethyl ether, and diaminophloroglucinol trimethyl ether, and Einhorn, 
Cobliner, and Pfeiffer (Ber., 1904, 37; 100) hydrolysed diaminopyrogallol, the yields being 
of the order of 5%. (2) Baker and Smith (J., 1931, 2544) oxidised 4-aminopyrogallol 
trimethyl ether to 2 : 3-dimethoxy-1 : 4-benzoquinone, the latter compound then yielding 
1 : 2: 5-triacetoxy-3 : 4-dimethoxybenzene when submitted to the action of acetic anhydride 
and sulphuric acid (Erdtman, Proc. Roy. Soc., 1934, A, 148, 177). The method is limited 
by the difficulty of obtaining the quinone in quantity, an alternative route to which is 
given by Baker and Savage (J., 1938, 1601; see also Anslow and Raistrick, J., 1939, 
1454). An exactly similar reaction is involved in the conversion of fumigatin (see 
succeeding paper) into spinulosin (Anslow and Raistrick, Biochem. J., 1938, 32, 687). 
(3) Aulin and Erdtman (Svensk Kem. Tidskr., 1937, 49, 208; see also Robinson and Vasey, 
preceding paper) converted 2 : 6-dimethoxy-1 : 4-benzoquinone into the dibromo-deriv- 
ative, hydrolysed one bromine atom and a methoxyl group with alkali, removed the 
remaining bromine atom by catalytic reduction, and submitted the product to reductive 
acetylation, giving 1 : 2: 4: 5-tetra-acetoxy-3-methoxybenzene. The yield is not stated. 
(4) Anslow and Raistrick (Biochem. J., 1938, 32, 803; J., 1939, 1446) treated dihydroxy- 
benzoquinone derivatives with methylamine and submitted the products to acid hydro- 
lysis; the yields were generally good. 

In the present work a very simple synthesis of pentahydroxybenzene derivatives has 
been developed starting from pyrogallol. This was converted by known methods into 
1: 2:3: 5-tetramethoxybenzene (I), and with the improvements described in the experi- 
mental section the overall yield of (I) was rather over 50%. Compound (I), when treated 
with acetyl chloride and anhydrous aluminium chloride in dry ethereal solution at room 
temperature, gave a 70% yield of 2-hydroxy-3 : 4: 6-trimethoxyacetophenone (II), the 
highest yield previously claimed in this much investigated reaction being 42% (Wesseley 
and Kallab, Monatsh., 1932, 60, 26; for other references see experimental section); the 
increase is due to the use of ether as solvent, and employment of a low temperature. 
When (II) was oxidised by hydrogen peroxide in alkaline solution under the conditions 
of the Dakin reaction, it yielded 1 : 2-dihydroxy-3 : 4 : 6-trimethoxybenzene (III). Methyl- 
ation of (III) with methyl sulphate and alkali readily gave pentamethoxybenzene (IV), 
identical with that described by Aulin and Erdtman (oc. cit.). By this route it is possible 
to prepare just over 50 g. of pentamethoxybenzene from 126 g. of pyrogallol. 

An alternative route to pentamethoxybenzene started from gallacetophenone, which 
was converted into its dimethyl ether (V) (improved preparation), and oxidation of this 
with alkaline potassium persulphate gave 2: 5-dihydroxy-3 : 4-dimethoxyacetophenone 
(VI) in 36% yield. Partial methylation of (VI) with methyl sulphate and potassium 
carbonate in benzene gave 2-hydroxy-3 : 4 : 5-trimethoxyacetophenone (VII), which was 
then oxidised with hydrogen peroxide in alkaline solution to give 1 : 2-dihydroxy-3 : 4 : 5- 
trimethoxybenzene (VIII). Methylation of (VIII) again gave pentamethoxybenzene (IV). 
The fact that compound (VIII), about whose structure there can be no ambiguity, differs 
from its isomer (III) establishes the position of the two hydroxyl groups in the latter, 
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and hence proves the position of the free hydroxyl group in the ketone (II). A con- 
siderably less convenient way of preparing (VIII) is from 2 : 6-dimethoxyquinol diacetate, 
which is converted first by the action of aluminium chloride into 2 : 5-dihydroxy-4 : 6-di- 
methoxyacetophenone (IX) (Mauthner, J. pr. Chem., 1933, 147, 287), and then by mono- 
methylation with methyl sulphate and anhydrous potassium carbonate in benzene into 
the bright yellow 2-hydroxy-4 : 5 : 6-trimethoxyacetophenone (X). Oxidation of (X) with 
hydrogen peroxide then gave 1 : 2-dihydroxy-3 : 4 : 5-trimethoxybenzene (vay) identical 
with that prepared by the oxidation of the isomer (VII). 


O-CH:CHPh 
(XVII) (XVIII.) 


Oxidation of 1: 2-dihydroxy-3 : 4: 6-trimethoxybenzene (III) in aqueous solution 
with ferric chloride readily gave an insoluble, dark red quinone, analysis of which showed 
that one methoxyl group had suffered demethylation during the oxidation, and this sub- 
stance has been proved to be the p-quinone (XI), 2-hydroxy-3 : 6-dimethoxy-1 : 4-benzo- 
quinone. Acetylation of the free hydroxyl group gave the bright yellow 2-acetoxy-3 : 6- 
dimethoxy-1 : 4-benzoquinone (XII), whose structure as a p-quinone was established by 
reduction with sodium hydrosulphite to 2-acetoxy-3 : 6-dimethoxyquinol (XIII), a compound 
whose aqueous solution gave no precipitate with lead acetate and which must, therefore, 
be a quinol and not a catechol derivative. Since the yellow quinone (XII) is merely the 
acetyl derivative of the red quinone (XI), it follows that this also must be a f-quinone, 
a structure consistent with its complete stability towards both acids and alkalis (see 
experimental section). Neither (XI) nor (XII) undergoes the Thiele acetylation (Ber., 
1898, 31, 1247); indeed the most convenient way to prepare the yellow from the red 
quinone is to treat it with acetic anhydride and a trace of sulphuric acid. Reduction of 
the quinone (XI) with sodium hydrosulphite gave 2-hydroxy-3 : 6-dimethoxyquinol (XV), 
the triacetyl derivative (XIV) of which was identical with the diacetate of (XIII). No 
recognisable quinone could be obtained by the oxidation of (VIII) with ferric chloride. 

Two routes leading to the preparation of pentahydroxyacetophenone derivatives 
have been investigated. In the first, 2-hydroxy-3 : 4 : 6-trimethoxyacetophenone (II) 
was oxidised by potassium persulphate in alkaline solution to give 2 : 5-dihydroxy-3 : 4 : 6- 
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yorany "get (XVI), and this readily yielded 2:3: 4: 5 : 6-pentamethoxyaceto- 
phenone (XVII) on treatment with excess of methyl sulphate and alkali. The C-methyl 
group of the ketone (XVII) shows the usual chemical reactivity, condensing with ethyl 
benzoate in the presence of sodium to give 2:3:4: 5: 6-pentamethoxydibenzoylmethane, 
and with benzaldehyde in dilute alcoholic alkaline solution to give 2: 3:4: 5: 6-penta- 
methoxyphenyl styryl ketone (XVIII). This pentamethoxychalkone is the naturally occur- 
ring substance pedicellin, isolated from the leaves of Didymocarpus pedicellata (see earlier 
references), and, although a direct comparison of the synthetical and the natural product 
was not possible, the melting points, and the fact that they both dissolve in concentrated 
sulphuric acid with a red colour, allow little doubt of their identity. Since pedicellin 
may be converted into pedicinin by treatment with nitric acid in acetic acid, followed by 
the action of dilute alkali, the synthesis of pedicellin completes the synthesis of pedicinin. 
In the second route pentamethoxybenzene (IV) was treated with acetyl chloride and 
aluminium chloride in ethereal solution and yielded the bright yellow 2-hydroxy-3 : 4: 5: 6- 
tetramethoxyacetophenone (XIX), an important intermediate for the synthesis of flavones 
and related compounds; it yielded pentamethoxyacetophenone (XVII) on methylation 
with methyl sulphate and alkali. The partial methylation of 2: 5-dihydroxy-3 : 4 : 6- 
trimethoxyacetophenone (XVI) to give (XIX), under conditions which converted (IX) 
into (X), gave only traces of the desired product. 

A natural extension of this work to the hexahydroxybenzene series was effected by 
the oxidation of (XIX) by means of alkaline hydrogen peroxide to give 1 : 2-dihydroxy- 
tetramethoxybenzene, a product not isolated in the pure state, but methylated directly 
to hexamethoxybenzene (XX), which proved to be identical with the hexamethoxy- 
benzene prepared by Robinson and Vasey (loc. cit.). 

In connection with the use by the author of an ethereal solution of aluminium chloride 
as a method of demethylating o-methoxy-ketones (see J., 1939, 961, 1925, 1926; 1940, 
1373), it may be mentioned that in order to bring about demethylation the methoxyl 
groups must be activated by carbonyl groups in either the o- or p-positions. Demethyl- 
ation in the #-position takes place much less readily than in the o-position, but has now 
been observed in the case of 2:3: 4-trimethoxyacetophenone, which by the prolonged 
action of boiling ethereal aluminium chloride yields 2 :4-dihydroxy-3-methoxyacetophenone. 
The remarkably inert nucleus of 1 : 2: 4: 5-tetramethoxybenzene is not attacked by an 
ethereal solution of aluminium chloride and acetyl chloride. 


EXPERIMENTAL. 


1: 2:3: 5-Tetramethoxybenzene (I).—Considerable quantities of this substance have been 
made from pyrogallol via the stages (1) pyrogallol trimethyl ether, (2) 2 : 6-dimethoxy-1 : 4- 
benzoquinone, and (3) 2: 6-dimethoxyquinol, and the yields represent a very considerable 
improvement over those previously described. The modifications of recorded conditions are 
described in the following notes, and enable over 100 g. of the tetramethoxybenzene to be 
obtained from 126 g. of pyrogallol. (1) Pyrogallol trimethyl ether : The methylation of pyro- 
gallol (126 g.) is carried out as described by Chapman, Perkin, and Robinson (J., 1927, 3028), 
but it is essential that the reaction mixture should be cooled in a trough of water so that the 
temperature keeps between 18° and 22°, and the addition of sodium hydrosulphite (10 g.) as 
recommended by Kohn and Griin (Monatsh., 1925, 46, 75) ensures a water-white product. After 
stirring for a total of 6 hours, crushed ice (1 kg.) is added, and the product collected, washed, 
and dried. Yield, 155 g. (2) 2: 6-Dimethoxybenzoquinone (see Graebe and Hess, Annalen, 
1905, 340, 237): The above pyrogallol trimethyl ether (155 g.), alcohol (775 c.c.), and nitric 
acid (775 c.c.; d 1-2) are warmed to 35° and allowed to stand until the vigorous reaction sets 
in, and the temperature then kept just below 50° till the main heat evolution ceases (} hour). 
After 4 hours with occasional shaking the quinone is collected, drained, washed with alcohol 
(400 c.c.), then water (800 c.c.), and dried on the water-bath. Yield, 124 g. (3) 2: 6-Di- 
methoxyquinol : To the above quinone (124 g.) and sodium hydrosulphite (250 g.) was quickly 
added boiling water (1250 c.c.), and the mixture vigorously shaken till a clear solution was 
obtained (less than 1 minute) and then cooled rapidly under the tap with shaking. After 
$ hour the product was collected, drained, washed with ice-water (600 c.c.), and dried on the 
steam-bath (local darkening). Yield, 110 g. If the filtrate and washings from the quinol 
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are saturated with salt and extracted with ethyl acetate at 40—-50°, a further 8 g. of the quinol 
are obtained, but the labour involved is hardly justified. (4) 1: 2:3: 5-Tetramethoxybenzene : 
To a continually stirred mixture of 2 : 6-dimethoxyquinol (55 g.), alcohol (130 c.c.), methyl 
sulphate (250 g.j, and sodium hydrosulphite (4 g.) in an atmosphere of coal gas was added 
dropwise during 4 hours a solution of sodium hydroxide (80 g.) in water (180 c.c.), the tem- 
perature being kept at 15—20°. The mixture was then heated on the water-bath for 4 hour 
with frequent shaking, diluted with water (500 c.c.), cooled, and seeded, and the solid product 
collected, thoroughly washed, and dried. Yield 54 g., m. p. 35—40° (m. p. of the pure 
material 47°). 

2-Hydroxy-3 : 4: 6-trimethoxyacetophenone (II).—Anhydrous aluminium chloride (50, g.) 
was dissolved in absolute ether (250 c.c.) with cooling, and then 1: 2: 3: 5-tetramethoxy- 
benzene (50 g.; as obtained directly from the methylation of 2 : 6-dimethoxyquinol) added. 
To the mixture, which was vigorously stirred and cooled in a vessel of water, acetyl chloride 
(25 g.) was added during 1 hour, and stirring continued for a further 6 hours. During this 
time the yellow, solid, aluminium complex of 2-hydroxy-3 : 4 : 6-trimethoxyacetophenone began 
to separate. After standing overnight, water (350 c.c.) and concentrated hydrochloric acid 
(50 c.c.) were cautiously added and the mixture was heated on the water-bath for 4 hour, the 
ether being allowed to distil away, and, while hot, extracted with benzene (200 c.c.). The 
benzene layer was washed with dilute hydrochloric acid and shaken with excess of 10% aqueous 
sodium hydroxide, and the aqueous layer acidified. The rather dark, solid product was 
collected, washed (dry weight 46-5 g.; m. p. 101—104°), and crystallised from dilute alcohol 
(charcoal), giving a light fawn, crystalline powder (42-5 g.; 70% yield), m. p. 103—105°. 
The nuclear acetylation of 1 : 2 : 3 : 5-tetramethoxybenzene has been investigated by Bargellini 
and Bini (Atti R. Accad. Lincei, 1910, [v], 19, ii, 595), Chapman, Perkin, and Robinson (J., 
1927, 3020), Kuroda (Proc. Imp. Acad. Tokyo, 1929, 5, 86), Hattori (Acta phytochimica, 1930, 
5, 99), Wesseley and Kallab (Joc. cit.), and Bargellini and Zoras (Gazzetta, 1934, 64, 192). Nieren- 
stein (J., 1917, 111, 6) mentions compound (II), and also compounds (X) and (XVI), but none 
can be identical with the compounds described in this paper. 

1 : 2-Dihydroxy-3 : 4: 6-trimethoxybenzene (III).—2-Hydroxy-3 : 4 : 6-trimethoxyacetophen- 
one (22-6 g.) was dissolved in a solution of sodium hydroxide (8 g.) in water (160 c.c.) with 
heating, and cooled to 20°, and a 3% solution of hydrogen peroxide (142 c.c.; 1-25 mols. ; 
made by diluting perhydrol) at 20° added. The temperature rose gradually at first, then 
rapidly to 54°, and then fell. After 2 hours the solution was acidified with sulphuric acid, and 
unchanged material collected by filtration, washed, and dried (2-2 g.). The filtrate was saturated 
with salt and extracted six times with ether (100 c.c. each time), and the extracts shaken with 
an excess of a suspension of sodium bicarbonate and water to remove acetic acid, dried over 
sodium sulphate, and distilled, leaving 1 : 2-dihydroxy-3 : 4 : 6-trimethoxybenzene as-an oil 
which solidified completely on scratching (yield, 12-3 g.). This product shows little tendency 
to undergo aerial oxidation in alkaline solution, so an inert atmosphere is unnecessary during 
its preparation. It was crystallised from benzene-light petroleum, and then twice from a 
little benzene, being obtained in flat prisms, m. p. 82° (Found: C, 54:2; H, 6-0. C,H,,0,; 
requires C, 54:0; H, 6-0%). The diacetyl derivative, prepared by boiling with acetic anhydride 
for 3 hours and shaking with water, separated from alcohol in thick tablets, m. p. 147° (Found : 
C, 54-9; H, 5-8. C,,H,,O, requires C, 54-9; H, 5-6%). 

Pentamethoxybenzene (IV).—The preceding compound (III) (10 g., not crystallised), alcohol 
(10 c.c.), water (10 c.c.), and sodium hydrosulphite (1 g.) were vigorously shaken during the 
alternate portionwise addition of methyl sulphate (25 g.) and a solution of sodium hydroxide 
(50 c.c.; containing 10 g. of sodium hydroxide). The temperature was allowed to rise to 
about 50°, and the reaction was completed by heating on the water-bath for 4 hour. The 
alkaline solution was extracted three times with benzene, and the extracts dried and distilled, 
leaving a very light-brown oil (10-2 g.) which solidified on cooling (m.' p. ca. 45—53°). This 
pentamethoxybenzene separated from light petroleum (b. p. 40—60°), in which it was easily 
soluble, in colourless, nacreous, rhombic plates, m. p. 58—59° (Found: C, 58-0; H, 7-0. Calc. 
for C,,H,,0,: C, 57-9; H, 7-0%). It is most easily purified by distillation under diminished 
pressure; b. p. 150°/14 mm., 167°/21 mm. 

2-Hydroxy-3 : 4-dimethoxyacetophenone (V).—The following method, based on that described 
by Baker, Jukes, and Subrahmanyam (J., 1934, 1682), gives an increased yield and enables 
the compound to be prepared easily and in quantity. 

Crude gallacetophenone (67:2 g.; 1 mol.; prepared according to Badhwar and Venka- 
taraman, Organic Syntheses, 1934, 14, 40, but not recrystallised), benzene (800 c.c.), anhydrous 
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potassium carbonate (220 g.), and methyl sulphate (104 g.; 2-05 mols.) were refluxed for 8 hours 
with occasional shaking. Hot water (1 1.) was now added, the mixture acidified with concen- 
trated hydrochloric acid (250 c.c.) (much carbon dioxide !), and whilst still hot the benzene 
layer was separated, washed four times with 10 c.c. of water, shaken with charcoal (10 g.), 
and filtered with the aid of a pump, the residue being washed with a little benzene. The 
benzene solution was now shaken once with 300 c.c. and four times with 50 c.c. of 10% aqueous 
sodium hydroxide, the united alkaline solutions acidified with hydrochloric acid and cooled, 
and the precipitated 2-hydroxy-3 : 4-dimethoxyacetophenone collected, washed, and dried at 
a gentle heat. The pale brown product (51 g.), m. p. 71—73°, is readily purified, if desired, by 
crystallisation from light petroleum (b. p. 80—100°) and then forms pale yellow prisms, m. p. 77°. 
Some 2: 3: 4-trimethoxyacetophenone is also produced in this reaction and may be isolated 
by heating the alkali-washed benzene solution with aqueous alkali to remove methyl sulphate, 
drying and distilling; the trimethyl ether is isolated as a colourless oil, b. p. 178°/20 mm. 
(yield, 10 g.). : 

2 : 5-Dihydroxy-3 : 4-dimethoxyacetophenone (V1).—This reaction was studied in consider- 
able detail, and the following method gives the maximum yield. The use of the equivalent 
of potassium hydroxide diminishes the yield by 20%, and the addition of a little ferrous sulphate 
as recommended by Bargellini (Gazzetta, 1916, 46, i, 249) reduces the yield by 5%. 2-Hydroxy- 
3 : 4-dimethoxyacetophenone (20 g.; prepared as described above but not recrystallised) was 
dissolved in a solution of sodium hydroxide (30 g.) in water (200 c.c.) and, with continual 
stirring, oxidised by the addition during 4 hours of a solution of potassium persulphate (40 g.) 
in water (800 c.c.), the reaction vessel being cooled in a trough of water. After standing for 
48 hours, the mixture was made distinctly acid to Congo-red paper with concentrated hydro- 
chloric acid, anhydrous sodium sulphite (5 g.) and powdered charcoal (10 g.) stirred in, and the 
liquid filtered and extracted with benzene (100 c.c.) (this benzene extract was heated with the 
charcoal, filtered, and distilled, leaving a residue of crude 2-hydroxy-3 : 4-dimethoxyaceto- 
phenone, which, after crystallisation from light petroleum, weighed 3-2 g.). To the solution 
were now added concentrated hydrochloric acid (200 c.c.) and benzene (400 c.c.), the mixture 
gently refluxed on the water-bath for 6 hours, partially cooled, and shaken, and the benzene 
layer separated. The aqueous solution was now extracted twice with benzene (100 c.c. each 
time), and the benzene extracts united, dried over sodium sulphate, and distilled under slightly 
diminished pressure, leaving the 2 : 5-dihydroxy-3 : 4-dimethoxyacetophenone as a pale brown, 
_ crystalline mass, m. p. 105—110° (yield, 6-6 g.). It separated from water (charcoal) in small, 
pale yellow prisms, m. p. 119° (Found: C, 56-5; H, 5-6. Calc. for C,,H,,0,: C, 56-6; H, 
5-6%) (Bargellini, loc. cit., records m. p. 119—121°). 

2-Hydroxy-3 : 4: 5-trimethoxyacetophenone (VII).—A mixture of 2: 5-dihydroxy-3 : 4-di- 
methoxyacetophenone (VI) (21-2 g.; 1 mol.), anhydrous benzene (200 c.c.), freshly ignited 
potassium carbonate (50 g.), and anhydrous acid-free methyl sulphate (12-6 g.; 1 mol.) was 
refluxed with occasional shaking for 14 hours. Water (200 c.c.) was now added, the mixture 
shaken, the benzene layer separated, and the aqueous layer extracted twice with benzene 
(100 c.c. each time). The united extracts were dried over sodium sulphate and distilled, 
leaving an oil which solidified on scratching, and which was extracted three times with boiling 
light petroleum (b. p. 60—80°; 200 c.c., 50 c.c., 50 c.c.). On cooling, the extracts deposited 
2-hydroxy-3 : 4: 5-trimethoxyacetophenone as pale yellow, large, flat, rhombic, crystalline aggre- 
gates (total yield, 16-5 g.), m. p. 86°, after twice crystallising from light petroleum (Found : 
C, 58-6; H, 6-2. C,,H,,O, requires C, 58-4; H, 62%). With copper acetate in dilute alcoholic 
solution the compound gave a green co-ordinate copper derivative, soluble in chloroform. It 
dissolved in aqueous sodium hydroxide with a bright yellow colour, and gave a deep slate-blue 
colour with alcoholic ferric chloride. 

1 : 2-Dihydroxy-3 : 4 : 5-trimethoxybenzene (VIII).—2-Hydroxy-3 : 4: 5-trimethoxyaceto- 
phenone (11-3 g.) was oxidised in the same manner as the isomeric 2-hydroxy-3 : 4 : 6-trimethoxy- 
acetophenone (II), but in an atmosphere of coal-gas, the temperature rising to 53°. Recovered 
starting material (0-2 g.) and the crude catechol derivative (7-8 g.) were obtained, the latter as 
a light, brown oil which solidified on scratching. After twice crystallising from benzene con- 
taining a little light petroleum, the 1 : 2-dihydvoxy-3 : 4 : 5-trimethoxybenzene was obtained in 
colourless, thin, elongated, hexagonal plates, m. p. 90—91° (Found: C, 54-1; H, 6-0. C,H,,0, 
requires C, 54-0; H, 6-0%). The m. p. of a mixture with the isomeride (III) was 50—60°. 
The compound was easily oxidised and turned pinkish on exposure to the air. With very 
dilute sodium hydroxide it gave a light green solution which soon turned yellow. Its aqueous 
solution, when treated with a trace of ferric chloride, gave an orange colour turning to cherry- 
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red; with excess of ferric chloride a deep brown solution was obtained. Treatment of the 
alkaline solution with methyl sulphate in the usual way (see methylation of the isomeride III) 
gave pentamethoxybenzene, m. p. and mixed m. p. 58—59°. The diacetyl derivative, pre- 
pared by boiling for 4 hours with five times its weight of acetic anhydride and shaking with 
water, separated from alcohol in highly refracting, thick, rhombic plates, m. p. 77° (Found : 
C, 54:8; H, 5-7. C,,;H,,O, requires C, 54-9; H, 5-6%). 

2-Hydroxy-4 : 5 : 6-trimethoxyacetophenone (X).—2 : 5-Dihydroxy-4 : 6-dimethoxyacetophen- 
one (IX) (8 g.) (Mauthner, J. pr. Chem., 1933, 147, 287), benzene (75 c.c.), anhydrous potassium 
carbonate (19 g.), and methyl sulphate (4-8 g.) were refluxed for 14 hours. After the addition 
of water the mixture was extracted with benzene, the extracts shaken with aqueous sodium 
hydroxide, and the alkaline layer acidified. The oily product (3-2 g.) was taken up in 
ether, filtered from some unchanged material, and distilled under diminished pressure, 
giving a yellow-brown oil, collected at 185—195°/25 mm. The distillate was now treated 
with light petroleum (b. p. 40—60°); causing a little more (IX) to separate, the two liquid 
layers filtered, the solvent removed, and the product again distilled. 2-Hydroxy- 
4:5: 6-tvimethoxyacetophenone (X) distilled as a bright yellow oil (1-3 g.), b. p. 184—186°/27 mm. 
(Found: C, 58-2; H, 6-2. C,,H,,0; requires C, 58-4; H, 6-2%). Its alcoholic solution gave 
with aqueous copper acetate a green co-ordinate copper derivative soluble in chloroform, and 
with ferric chloride a deep violet-grey colour. It dissolved in aqueous sodium hydroxide with 
a yellow colour. 

1 : 2-Dihydroxy-3 : 4 : 5-trimethoxybenzene (VIII).—The preceding compound (1-2 g.) was 
oxidised, and the product isolated, as in the case of the isomeride (VII), the temperature in the 
Dakin reaction rising from 25° to 50°. The crude catechol derivative (0-8 g.; m. p. ca. 75—80°) 
separated from benzene-light petroleum in elongated hexagonal plates, m. p. 91°, not depressed 
on admixture with the specimen of the same m. p. prepared by the oxidation of (VII). 

2-Hydroxy-3 : 6-dimethoxy-1 : 4-benzoquinone (XI).—1: 2-Dihydroxy-3 : 4: 6-trimethoxy- 
benzene (III) (1-0 g.; as isolated directly from the Dakin reaction) was dissolved in water (20 
c.c.), and to the filtered solution at 10° was added dropwise a solution of anhydrous ferric 
chloride (2 g.; ca. 2-5 mols.) in water (10 c.c.). The solution, at first very dark, rapidly became 
red, and bright red crystals began to separate. After 4 hours the quinone (0-65 g.) was collected, 
washed, and dried. It separated from water in dark red, sharp bipyramids, m. p. ca. 208° 
(rapid heating) (Found: C, 52-4, 52:3; H, 4-4, 4-4. C,H,O,; requires C, 52-2; H, 43%). 
2-Hydroxy-3 : 6-dimethoxy-1 : 4-benzoquinone crystallises easily from glacial acetic acid in bright 
scarlet platelets which appear to contain solvent of crystallisation, since on treatment with 
cold water or alcohol they immediately give the usual dark red product. It dissolves in very 
dilute sodium hydroxide solution, giving an intensely purple-red solution, and is precipitated 
unchanged on acidification. It crystallises in the scarlet platelets from acetic acid containing 
a trace of concentrated sulphuric acid. 

2-Acetoxy-3 : 6-dimethoxy-1 : 4-benzoquinone (XII).—To 2-hydroxy-3 : 6-dimethoxy-l : 4- 
benzoquinone (XI) (0-65 g.) was added acetic anhydride (13 c.c.) containing concentrated 
sulphuric acid (2 drops), and the mixture gently agitated. The red quinone rapidly dissolved 
to a yellow solution, and after 2 hours water was added, the mixture shaken till hydrolysis of 
the acetic anhydride had occurred and extracted several times with benzene till the aqueous 
layer was colourless, and the extracts shaken once with water, dried over sodium sulphate, 
and distilled, leaving a yellow solid (0-7 g.). 2-Acetoxy-3 : 6-dimethoxy-1 : 4-benzoquinone 
separated from slightly diluted alcohol in bright yellow needles, m. p. 147° (Found: C, 53-0; 
H, 4°4. Cy 9H 90, requires C, 53-1; H, 44%). It dissolved in dilute aqueous sodium hydroxide 
with an intense purple-red colour. This same compound (mixed m. p.’s) is also obtained from 
the red quinone either by boiling with acetic anhydride for several minutes till a yellow solution 
is obtained, or by the action of acetic anhydride and a trace of pyridine at about 40° (several 
minutes), or at room temperature ($ hour). 

2-Acetoxy-3 : 6:dimethoxyquinol (XIII).—The preceding quinone (XII) (0-5 g.), alcohol 
(2-5 c.c.), and a solution of sodium hydrosulphite (1 g.) in water (5 c.c.) were warmed to 60°, 
cooled, and extracted three times with ethyl acetate. The extracts were shaken once with 
water, dried over sodium sulphate, and distilled, leaving an oil which solidified completely on 
scratching. It separated from benzene, in which it was very sparingly soluble, in colourless 
prisms, m. p. 151° (Found: C, 52-5; H, 5-3. C,9H,,0, requires C, 52-6; H, 5-3%). Vigorous 
methylation of this compound with methyl sulphate and alkali in an atmosphere of coal gas, 
final heating on the water-bath, and extraction with ether gave pentamethoxybenzene (IV), 
m. p. and mixed m. p. 58—59°. Boiling with excess of acetic anhydride for 2 hours, shaking 
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with water, extracting with ethyl acetate, and crystallising the residual solid from alcohol 
gave 2-acetoxy-3 : 6-dimethoxyquinol diacetate (XIV) as small, opaque, white crystals, m. p. 
114—115° [Found: C, 54-0; H, 5-2; OMe, 20-1. C,.H,9O,(OMe), requires C, 53-8; H, 5-1; 
OMe, 19-9%]. 

2-Hydroxy-3 : 6-dimethoxyquinol (XV).—The quinone (XI) (0-4 g.) was suspended in cold 
water (10 c.c.), and sodium hydrosulphite-added with shaking until the red colour of the solution 
had faded to pale yellow (several minutes). The solution was now extracted with ether, and 
the extracts dried and distilled, leaving a solid residue which separated from benzene in colour- 
less, branching, fern-like crystals, m. p. 144° (darkening, rapid heating) [Found : C, 51-6; H, 5-5; 
OMe, 33-0. C,H,O,;(OMe), requires C, 51-6; H, 5-4; OMe, 33-3%]. This hydroxyquinol 
derivative slowly turns pink on keeping owing to oxidation. Its aqueous solution gives a deep 
purple-red colour with a trace of dilute sodium hydroxide, which becomes brownish-purple 
with an excess of alkali, and with ferric chloride gives a red solution which, if in sufficient 
concentration, deposits the red quinone (XI). The triacetyl derivative (XIV), prepared as 
described above, had m. p. and mixed m. p. 114—115°. 

2 : 5-Dihydroxy-3 : 4 : 6-trimethoxyacetophenone (XVI1).—To a stirred mixture of 2-hydroxy- 
3.: 4 : 6-trimethoxyacetophenone (II) (11-2 g.) and a solution of sodium hydroxide (20 g.) in 
water (120 c.c.) was added during 4 hours a solution of potassium persulphate (17-6 g.) in 
water (360 c.c.); stirring was continued for a further 2 hours. After standing overnight, the 
solution was acidified to Congo-red, filtered from a crystalline deposit, extracted with benzene 
(100 c.c.) (the benzene extract and solid yielded 1-3 g. of crude starting material), and refluxed 
for 4 hours after the addition of benzene (200 c.c.) and concentrated hydrochloric acid (100 c.c.): 
The benzene layer was separated, dried over anhydrous sodium sulphate, and distilled, leaving 
a yellow, crystalline mass (3-5 g.). 2: 5-Dihydroxy-3 : 4: 6-trimethoxyacetophenone separated 
from water in fine, yellow needles, m. p. 116—117° (Found: C, 54-5; H, 5-9. C,,H,,0, 
requires C, 54-5; H, 5-8%). It gives a bright yellow solution in aqueous sodium hydroxide, 
and with ferric chloride in alcoholic solution it gives an apple-green coloration which rapidly 
fades to yellow. 

2:3:4:5:6-Pentamethoxyacetophenone (XVII).—2 : 5- Dihydroxy -3 : 4: 6 - trimethoxy - 
acetophenone (5-5 g.) was shaken in dilute acetone with a large excess of methyl sulphate and 
aqueous potassium hydroxide, added alternately, and the alkaline mixture was finally heated 
on the water-bath for 4 hour. Light petroleum (b. p. 40—60°) then extracted a colourless 
oil which became crystalline on cooling, and the product was distilled under diminished pressure 
(b. p. 163°/13 mm.) (yield, 4-8 g.), and then crystallised twice from light petroleum (b. p. 35— 
50°) at 0°, giving fine needles, m. p. 43° [Found: C, 57-6; H, 6-7; OMe, 57-3. C,H,O(OMe), 
requires C, 57-8; H, 6-6; OMe, 57-4%]. It was extremely easily soluble in all organic solvents. 

2:3:4:5: 6-Pentamethoxydibenzoylmethane——A mixture of pentamethoxyacetophenone 
(0-7 g.), powdered sodium (0-14 g.), and ethyl benzoate (2-1 g.) was heated for 14 hours in an 
oil-bath at 125°. Dilute sulphuric acid was now added, the mixture extracted with ether, 
and the ethereal layer shaken with water and then with excess of 2N-sodium hydroxide. The 
alkaline layer was saturated with carbon dioxide, and the solid collected, washed, and crystal- 
‘ lised from warm dilute alcohol, forming very pale yellow, slender needles (0-08 g.), m. p. 91° 
(Found: C, 64-2; H, 5-7. C,9H,,O, requires C, 64-2; H, 5-9%). It gave a cherry-red colour 
with alcoholic ferric chloride. 

2:3:4:5:6-Pentamethoxyphenyl Styryl Ketone (Pedicellin) (XVIII).—To a solution of 
2:3:4:5: 6-pentamethoxyacetophenone (0-5 g.) and benzaldehyde (0-2 g; 1 mol.) in alcohol 
(2 c.c.) was added a strong solution of sodium in alcohol (10 drops) and then a little water till 
a clear solution was obtained. After standing overnight, the mixture was diluted, and the 
solid collected, washed, dried, and crystallised twice from a small volume of light petroleum 
(b. p. 60—80°), being obtained in colourless, prismatic needles, m. p. 93° (Found: C, 66-9; 
H, 6-2. Calc. for C,sH,,O,: C, 67-0; H, 61%). Siddiqui (loc. cit.) records m. p. 98° for 
pedicellin, but in the subsequent investigation by Bose and Dutt (loc. cit.) the most careful 
purification failed to raise the m. p. above 93°. The synthetical pedicellin dissolved in con- 
centrated sulphuric acid with a deep orange-red colour. 

2-Hydroxy-3 : 4: 5 : 6-tetramethoxyacetophenone (XIX).—To a solution of aluminium chloride 
(5 g.) in anhydrous ether (25 c.c.) were added pentamethoxybenzene (5 g.) and then acetyl 
chloride (5 g.) in portions during 4 hour. The mixture was kept at room temperature with 
occasional shaking for 16 hours. Water (35 c.c.) and concentrated hydrochloric acid (5 c.c.) 
were then cautiously added, the mixture heated on the water-bath for } hour, the ether being 
allowed to distil away, and the residual liquid extracted with benzene (20 c.c.). The benzene 
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layer was washed with dilute hydrochloric acid and shaken with excess of 10% sodium hydroxide 
solution, the alkaline layer acidified and extracted with benzene, and the benzene layer finally 
dried and distilled, leaving a residue (1-7 g.) which distilled as a bright yellow oil (1-4 g.), b. p. 
183°/14 mm. (Found: C, 56-1; H, 6-3. C,,H,,0, requires C, 56-3; H, 62%). 2-Hydroxy- 
3:4:5: 6-tetramethoxyacetophenone is very slightly volatile in steam. With aqueous and 
alcoholic ferric chloride it gives intense brown and deep brownish-green colours respectively ; 
and addition of aqueous copper acetate to its alcoholic solution gives a green co-ordinate copper 
derivative soluble in chloroform. 

1 : 2-Dihydroxytetramethoxybenzene, and Hexamethoxybenzene (XX).—The preceding o-hydr- 
oxyacetophenone (3-2 g.) in a solution of sodium hydroxide (1 g.) in water (20 c.c.) at 20° was 
treated with a 3% solution of perhydrol (18 c.c.) in an atmosphere of coal gas. Rapid rise 
‘of temperature to 46° occurred and the intense yellow colour faded. After } hour the solution 
was acidified, filtered after the addition of a little charcoal, saturated with salt, and extracted 
four times with ether; the extracts were shaken with aqueous sodium bicarbonate to remove 
acetic acid, dried over sodium sulphate, and distilled, leaving a light brown oil (1-4 g.). This 
gave a weak brownish-purple coloration with ferric chloride in aqueous solution. Without further 
purification this crude 1 : 2-dihydroxytetramethoxybenzene was shaken in dilute acetone solu- 
tion with a large excess of aqueous potassium hydroxide and methyl sulphate, added in portions. 
After the alkaline liquid had been heated on the water-bath for 4 hour, it was extracted twice 
with ether; the extracts yielded an oil which rapidly solidified. After pressing on a porous 
tile the product (0-4 g.) crystallised from light petroleum (b. p. 40—60°), in which it was very 
easily soluble, in clusters of fine colourless needles, m. p. 80° (Found: C, 55-7; H, 7-2. Calc. 
for C,,H,,0,: C, 55:8; H, 70%). The m. p. was not depressed on admixture with a speci- 
men of hexamethoxybenzene, m. p. 81°, prepared by the method of Robinson and Vasey 
(loc. cit.). 

2 : 4-Dihydroxy-3-methoxyacetophenone.—2 : 3 : 4-Trimethoxyacetophenone (23 g.) was added 
to a solution of anhydrous aluminium chloride (40 g.) in absolute ether (200 c.c.), and the 
mixture refluxed for 12 hours with occasional shaking. Water (200 c.c.) and concentrated 
hydrochloric acid (50 c.c.) were now added, the mixture heated on the water-bath for } hour 
and cooled, and the sticky product collected, washed, and dissolved in ether. The ethereal 
solution was shaken with aqueous sodium hydroxide, and the solid obtained by acidification 
of the aqueous solution collected, and washed successively with water, light petroleum, and a 
little methyl alcohol. The pale yellow product (3 g.) was crystallised first from water (char- 
coal), giving an almost colourless hydrate, and then from benzene, forming pale yellow crystals, 
m. p. 130—131° (Found: C, 59-2; H, 5-4. Calc. for C,H,,0,: C, 59-3; H, 5-5%) (see Perkin 
and Wilson, J., 1903, 83, 131; Perkin and Storey, J., 1928, 243; these authors prepared the 
compound by methylation of monopotassium gallacetophenone, or a diacetylgallacetophenone, 
followed by hydrolysis, and recorded the m. p.’s 132—133° and 134—135°). 


The author’s thanks are due to Mr. J. F. W. McOmie for valuable assistance with this work. 
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122. Derivatives of 1:2:3:4-Tetrahydroxybenzene. Part VII. 
The Synthesis of Fumigatin. 


By Wi son BAKER and H. RaIsTRICK. 


The mould metabolic product fumigatin, 3-hydroxy-4-methoxy-2 : 5-toluquinone 
(IV), has been synthesised from 3 : 4: 5-trimethoxytoluene (I) via the intermediates 
(II) and (III), the oxidation of (III) to fumigatin being effected by aqueous ferric 
chloride at room temperature. 


THE observation, described in the preceding paper, that 1 : 2-dihydroxy-3 : 4 : 6-trimethoxy- 
benzene is oxidised by aqueous ferric chloride at room temperature to 2-hydroxy-3 : 6- 
dimethoxy-1 : 4-benzoquinone (formule III and XI of that paper), suggested the possibility 
of synthesising the mould metabolic product fumigatin by an application of the same 
method. 


Fumigatin was isolated by Anslow and Raistrick (Biochem. J., 1938, 32, 687) from the 
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metabolism solution of Aspergillus fumigatus Fresenius, as maroon-coloured needles, which 
possessed the property of dissolving in alkaline solutions with an intense permanganate 
colour. The substance was proved to be 3-hydroxy-4-methoxy-2 : 5-toluquinone (IV), 
and it is thus the first known example of a naturally occurring quinone derived from 
1:2:3:4tetrahydroxybenzene. 


COMe 
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(I.) (II.) ; (IV.) 


The synthesis of fumigatin has now been effected in the following way. 3: 4: 5-Tri- 
methoxytoluene (I) was treated with a solution of acetyl chloride and aluminium chloride 
in dry ether, giving 3-hydroxy-4 : 5-dimethoxy-2-acetyltoluene (I1) (cf: the similar production 
of 2-hydroxy-3 : 4; 6-trimethoxyacetophenone from 1 : 2 : 3 : 5-tetramethoxybenzene ‘and 
acetyl chloride described i in the preceding paper). The hydroxy-ketone (II) when oxidised 
under the conditions of the Dakin reaction with hydrogen peroxide in dilute alkaline solu- 
tion gave 2: 3-dihydroxy-4 : 5-dimethoxytoluene (III). The oxidation of (III) to give 
fumigatin (IV) did not proceed so readily as the corresponding reaction mentioned in the 
first paragraph, probably owing to the instability of fumigatin towards ferric chloride. 
The method finally adopted, however, gave a 44% yield of purified fumigatin. This 
consisted in oxidising in very dilute solution at room temperature with 2 molecules of ferric 
chloride under a layer of benzene-light petroleum, in which the dihydroxy-derivative is 
almost insoluble but the fumigatin is easily soluble, so that the danger of further destructive 
oxidation is largely excluded. | 

The synthetical fumigatin showed all the very characteristic colour reactions of the 
natural product (see experimental section), and a mixed melting-point determination 
showed no depression of the melting point. 

The synthetical fumigatin was also converted into its bright yellow acetyl derivative, 
and a mixed melting point with the acetyl derivative of natural fumigatin again showed 
the complete identity of the products. 


EXPERIMENTAL. 

3-Hydroxy-4 : 5-dimethoxy-2-acetyltoluene (II).—3 : 4: 5-Trimethoxybenzaldehyde ‘(25-4 g.; 
Baker and Robinson, J., 1929, 156) gave 3 : 4: 5-trimethoxytoluene (I) (18-7 g.; b. p. 137°/20 
mm.) by the method of Asahina and Yasue (Ber., 1936, 69, 2327). 3:4: 5-Trimethoxytoluene 
(5 g.) was added to a solution of anhydrous aluminium chloride (5 g.) in absolute ether (25 c.c.), 
and then acetyl chloride (2-5 g.) added with shaking and cooling in water. After 24 hours with 
occasional shaking, a mixture of water (50 c.c.) and concentrated hydrochloric acid (10 c.c.) was 
cautiously added, and the whole heated on the water-bath for $ hour, the ether being allowed to 
distil away; the oily product (which solidified on cooling) was extracted with ether, and the 
extract washed with water and then with excess of dilute sodium hydroxide solution. Acidific- 
ation of the alkaline solution caused the separation of a crystalline solid (3-1 g.), which separated 
from light petroleum (b. p. 60—80°) in large, branching, rhombic crystals, m. p. 92° (Found : 
C, 62-8; H, 6-7. C,,H,,0, requires C, 62-9; H, 6-7%). It gave a dull violet-brown solution 
with alcoholic ferric chloride. 

2': 3-Dihydroxy-4 : 5-dimethoxytoluene _(III).—-3-Hydroxy-4 : 5-dimethoxy-2-acetyltoluene 
(4-2 g.) was dissolved in a solution of sodium hydroxide (1-6 g.) in water (32 c.c.), and a 3% 
aqueous solution of perhydrol (28-4 c.c.; 1-25 mol.) added. After warming to about 45° an 
exothermic reaction set in, accompanied by darkening of the solution, and after 2 hours the 
solution was acidified with sulphuric acid, unchanged ketone (1-2 g.) removed by filtration, and 
the filtrate saturated with salt and extracted four times with ether. The extracts were shaken 
with aqueous sodium bicarbonate to remove acetic acid, dried over sodium sulphate, and 
distilled, leaving an oil which rapidly solidified (1-9 g.). It crystallised from light petroleum 
(b. p. 60—80°) in long, faintly brownish, branching crystals, m. p. 101° (Found: C, 58-7; H, 
6-4. C,H,,0, requires C, 58-7; H, 65%). Its solution in alkali rapidly turned reddish-brown 
on exposure to the air, : 
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The diacetyl derivative, prepared by heating on the water-bath with excess of acetic anhydride 
and a drop of pyridine for 2 hours and then shaking with water, was crystallised twice from 
alcohol and obtained in colourless, rhombic plates, m. p. 108° (Found: C, 58:3; H, 5-8. C,,H,,0, 
requires C, 58-2; H, 5-9%). 

3-Hydroxy-4-methoxy-2 : 5-toluquinone. Fumigatin (IV).—Pure 2: 3-dihydroxy-4 : 5-di- 
methoxytoluene (III) (0-55 g.) was dissolved in cold water (50 c.c.), and pure benzene (50 c.c.) 
and light petroleum (b. p. 60—80°; 50 c.c.) added, followed by concentrated hydrochloric acid 
(5 drops); after addition of a solution of anhydrous ferric chloride (0-98 g.; 2 mols.) in water 
(12 c.c.) the mixture was shaken for 2 hours. The solution, at first dark, was now orange-red, 
and the upper layer was separated, dried over sodium sulphate, and distilled to dryness at a 
low temperature under diminished pressure, leaving a dark red crystalline deposit of fumigatin 
(0-22 g.), m. p. about 108° with previous softening. The aqueous layer was again shaken with 
benzene (50 c.c.) for 1 hour, and yielded as before slightly less pure fumigatin (0-06 g.), and a 
third extraction with benzene gave a further quantity (0-04 g.) of a similar product. The 
combined specimens were crystallised from carbon tetrachloride (10 c.c.), which appears to be 
the best solvent for fumigatin, and in which it is quite stable and easily soluble on heating. 
The fumigatin (0:21 g.) separated in maroon-coloured needles (rapid crystallisation), or dark 
maroon, frequently branching prisms or sometimes hexagonal plates (slow crystallisation), 
m. p. 112° with some previous softening. A further rapid crystallisation from light petroleum 
(b. p. 60—80°) gave maroon-coloured, glistening, prismatic needles (0-16 g.), m. p. 114° (Found : 
C, 57-3; H, 5-0. Calc. for CgH,0O,: C, 57-1; H, 48%). The m. p. varies slightly with the 
rate of heating owing to slight decomposition, and is lowered by previous fusion. A specimen 
of natural fumigatin which had been kept for some years and had deteriorated slightly was 
sublimed in a high vacuum at 80° and then had m. p. 114° when heated slowly but melted at 
_115—116° when heated moderately quickly. A mixture of the natural and the synthetical 
specimen when slowly heated had m. p. 114°. 

The synthetical fumigatin showed all the properties of the natural material. The specimens 
were directly compared side by side, and no divergences in behaviour could be detected. In 
particular may be mentioned (a) the purple-black colour with alcoholic ferric chloride, turning 
to light brown on the addition of water; (b) the permanent permanganate colour of solutions 
in dilute sodium bicarbonate; and (c) the brown solution in concentrated sulphuric acid which 
becomes cherry-red in a few minutes, and then, rather more slowly, a very intense permanganate 
colour. 

The acetyl derivative of fumigatin was prepared by the addition of a drop of pyridine to a 
solution of fumigatin in acetic anhydride, warming to 30°, when the red solution rapidly faded 
to yellow, and then shaking with water. The solid was collected, washed, and dried (m. p. 
94—-95°), and then crystallised from light petroleum, from which it separated in canary-yellow 
crystalline aggregates, m. p. 96—97° (Found: C, 57-3; H, 4-9. Calc. for C,gH,,0,;: C, 57:1; 
H, 48%). A specimen of fumigatin acetate prepared from natural fumigatin and purified by 
sublimation in a high vacuum at 70° had m. p. 95—96°, and a mixture of the synthetical and the 
natural product had m. p. 96°. 
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UNIVERSITY OF LONDON. [Received, August 6th, 1941.) 





123. The Bimolecular Condensation of p-Propenylanisole (Anethole) 
under the Influence of Heat. 


By NorMAN R. CAMPBELL. 


Prolonged heating of anethole in an inert atmosphere yields a crystalline sub- 
stance which has been identified as 1 : 3-di-p-methoxyphenyl-2-methylpropane. This 
reaction closely resembles those involving polymerisation of anethole to “‘ isoanethole ” 
and “‘ metanethole.” 


Two well-defined dimerides of anethole have been known for a considerable period. One 
of these, “ ssoanethole,” has been shown by Goodall and Haworth (J., 1930, 2482) to be 
] ; 3-di-p-methoxyphenyl-2-methyl-n-pentene, and the other, ‘“‘ metanethole,” is con- 
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sidered by Baker and Enderby (J., 1940, 1094) to be 6-methoxy-1-p-methoxypheny]l-2- 
methyl-3-ethylhydrindene. These are both obtained by direct polymerisation of anethole, 
linkage taking place between the «-carbon of one molecule and the @-carbon of another. 

Bimolecular condensation of anethole or of the corresponding phenol, “ anol,’”’ occurs 
during the process of demethylation with potassium hydroxide and alcohol under pressure 
(Campbell, Dodds, and Lawson, Proc. Roy. Soc., 1940, B, 128, 253). “‘ isoAnethole ” was 
identified in the remethylated by-products in notable quantity, also dihydro-“ isoanethole ” 
—arising from hydrogenation of “ isoanethole”’ (cf. the production also of p-propyl- 
anisole). Traces, only, were found of the product of linkage between two «a-carbon atoms, 
3 : 4-di-p-methoxyphenyl-n-hexane being obtained in a yield of approximately 0-01— 
002%. 

A crystalline substance has now been obtained by heating anethole under reflux in 
an inert atmosphere for several days. 70—80% of the anethole was recovered unchanged, 
a yield of about 0-2% of “ isoanethole”’ was noted (indicated by isolation of the semi- 
carbazone of methyl «-4-methoxyphenylpropyl ketone), and much of the balance was 
accounted for by the presence of gum which could not be distilled. The substance is 
saturated, and analyses of the methyl ether and its parent phenol indicate that it has the 
structure of a di-f-methoxyphenylbutane. The number of possible arrangements for 
this is strictly limited, since the substance obviously arises from the union of two mole- 
cules of anethole, followed by elimination of two carbon atoms and two hydrogen atoms. 
The possible structures are : 


MeO CH, -CH,-CH,’CH < _YOMe MeO¢ CH,” CHMe-CH < _>OMe 


(I.) (I1.) 


(II1.) MeO CHEt-CH,< OMe MeO CH,'CHyCHMe{ OMe av.) 


Wv,) MeO¢ CHMe-CHMe{” OMe 


Since the yield of crystalline material is notably high for such a reaction, it seems 
most likely that linking between anethole molecules has occurred from «a-carbon to 
f-carbon. It also appears probable that elimination of two carbon atoms would take 
place by fission at a double bond—that is, that both eliminated carbons should arise 
from the same anethole molecule. 

The first of these conditions is satisfied by (II), (III), and (IV), and of these, only (II) 
fulfils the second. Hence structure (II) was considered most promising—a contention 
supported by the fact that substances of known structures (I), (III), and (V) ware physically 
quite distinct from the material under consideration. 

A substance of structure (II) has been. synthesised by condensation of Na vO 
phenyl-1-methylpropionyl chloride with anisole, and reduction of the resulting ketone by 
Clemmensen’s method. The product showed no depression of melting point on admixture 
with the unknown substance. Identity of the two substances was inferred. The sub- 
stance 1 : 3-dt-p-methoxyphenyl-2-methylpropane has been demethylated, and the resulting 
phenol characterised and tested for oestrogenic properties. 

The production of this crystalline compound from anethole by prolonged heating is 
comparable with the production of “ isoanethole” from the same material. However, 
the production of “ zsoanethole ” involves saturation of the side chain with retention of 
a double bond in the aliphatic connecting chain, while the reaction under consideration 
would appear to yield, as a hypothetical intermediary, an isomer of “ isoanethole ”’ with 
a double bond remaining in the side chain. Fission occurs, probably simultaneously with 
condensation, and two carbon atoms are eliminated from the unsaturated side chain. 


EXPERIMENTAL. 


Anethole (100 g.) was refluxed in an atmosphere of nitrogen for 7 days and nights, during 
which time the temperature of the boiling liquid rose from 221° to 260°. Unchanged anethole 
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was removed by distillation at reduced pressure (recovery, 72 g.), and the residue distilled at 
low pressure. A fraction (b. p. 150—187°/0-2 mm.) was collected and redistilled, the portion, 
b. p. 150—166°/0-2 mm., being collected. This fraction partly solidified on standing; the 
crystals were separated by washing with ice-cold light petroleum (b. p. 60—80°) and recrystal- 
lised from methyl alcohol and from light petroleum; m. p. 71° (Found: C, 80-0; H, 8-1; OMe, 
22-0; M, 282. C,,H,,O0, requires C, 80-0; H, 8-15; OMe, 23%; M, 270). Yield, 1-5 g. 

The light-petroleum washings were freed from solvent, and the residue dissolved in purified 
acetone, cooled in ice, and oxidised with powdered potassium permanganate added in small 
quantities (total, 1 g.), stirring being continued until reaction was complete (20 hrs.). The 
acetone solution was filtered and evaporated. The residue was distilled at low pressure and a 
fraction (0-2 g.) obtained boiling below 100°/0-3 mm. This fraction reacted with semicarbazide 
hydrochloride and sodium acetate in dilute alcohol, giving the semicarbazone of methyl «-4- 
methoxyphenylpropyl ketone, m. p. 189°, identified by the method of mixed melting points 
(yield, 0-05 g. of semicarbazone). 

1 : 3-Di-p-methoxyphenyl-2-methylpropan-1-one.—1-p-Methoxybenzylpropionic acid (5 g.) 
was refluxed for 1 hour with thionyl chloride (25 c.c.). The excess of thionyl chloride was 
distilled off at reduced pressure, the residue dissolved in dry anisole (100 c.c.), and powdered 
aluminium chloride (4 g.) added, with cooling. The mixture was kept overnight and then 
. poured into dilute hydrochloric acid and ice. After removal of anisole by steam-distillation 
the residue was extracted with ether, and the ethereal solution,washed with water and dilute 
sodium hydroxide solution, dried, and freed from solvent. The residue was distilled, b. p. 
180° /0-3—0-4 mm. (Found: C, 75-9; H, 7-15. C,H. 0; requires C, 76-0; H,7-1%). Yield, 4-7 g. 

1 : 3-Di-p-methoxyphenyl-2-methylpropane.—The above ketone (3-5 g.) was reduced by 
boiling with amalgamated zinc wool (15 g.), hydrochloric acid (75 c.c.), water (75 c.c.), and 
tetrahydronaphthalene (20 c.c.—for dispersal of ketone) for 20 hours. Tetrahydronaphthalene 
was removed by distillation in steam and on cooling, the residue crystallised. The product, 
recrystallised from methyl alcohol, had m. p. 71° (Found: C, 80-05; H, 8-35. C,,H,,O, 
requires C, 80-0; H, 8-15%). Yield, 2 g. On admixture with the crystalline product from 
anethole the m. p. was unchanged. 

1:3-Di-p-hydroxyphenyl-2-methylpropane.—1 : 3-Di-p-methoxyphenyl-2-methylpropane (1 g.) 
was heated with potassium hydroxide (2 g.) and absolute alcohol (4 c.c.) in a sealed tube 
at 200° for 18 hours. The mixture was cooled, diluted with water, filtered, and acidified, 
and the precipitated phenol crystallised from dilute aqueous alcohol and from light petroleum 
(b. p. 60—80°); m. p. 130° (Found: C, 79-2; H, 7-4. C,H,,O, requires C, 79-3; H, 7-45%). 
Yield, 0-75 g. 


I wish to thank Prof. E. C. Dodds for facilities for carrying out this investigation, and the 
Halley Stewart Trust for a Fellowship. 
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124. A New Route to the Synthesis of Dibenzfluorenones. 
By G. Swarn and A. R. Topp. | 


A simple method for the synthesis of 1 : 2: 5 : 6-dibenzfluorene is described. Re- 
action of N-nitrosoaceto-2-naphthalide with amyl 2-naphthoate yields a mixture of 
esters, from which, after hydrolysis, 1 : 2’-dinaphthyl-2-carboxylic acid (III; R = H) 
can be isolated. The acid (III; R =H) is cyclised by means of sulphuric acid to 
1: 2:5: 6-dibenzfluorenone (IV), which is readily reduced to 1:2: 5: 6-dibenz- 
fluorene with hydrazine. ‘Separation of the pure acid (III; R = H) is unnecessary, 
as the crude mixture, heated with sulphuric acid, gives a product from which (IV) 
is easily separated. . 

A similar sequence of reactions in the case of N-nitrosoaceto-2-naphthalide and 
amyl l-naphthoate leads to 1: 2:7: 8-dibenzfluorenone (VII), and the reaction 
between N-nitrosoaceto-l-naphthalide and amyl 2-naphthoate to 3: 4:5: 6-dibenz- 
fluorenone (VIII) and an unidentified isomeric compound possibly with the structure 
(IX). The yields of 1:2:7:8- and 3:4: 5: 6-dibenzfluorenone are, however, 
unsatisfactory. 
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AMONG carcinogenic hydrocarbons 1 : 2: 5 : 6-dibenzfluorene (V) is of particular interest 


‘because of its marked tumour-inhibiting properties (Haddow and Robinson, Proc. Roy. 


Soc., 1939, B, 127,277). It has been synthesised by Cook, Dansi, Hewett, Iball, Mayneord, 
and Roe (J., 1935, 1319), but the route selected by these investigators was lengthy and 
the overall yield of hydrocarbon was extremely low. While a more detailed examination 
of the hydrocarbon and its substitution products from the standpoint of tumour-inhibition 
would be desirable, it was clear that it would be a matter of extreme difficulty unless some 
simpler synthesis could be devised. It is the purpose of this paper to describe some 
experiments offering a practicable route to 1: 2:5: 6-dibenzfluorene; the overall yield 
is not very high, but the process has the merit of simplicity and the starting materials 
are readily accessible. 

Consideration of the formula (V) of the desired hydrocarbon suggested that the most 
direct procedure would be cyclisation of 1 : 2’-dinaphthyl-2-carboxylic acid (III; R= H) 
to 1: 2:5: 6-dibenzfluorenone (IV), followed by reduction of this ketone. Theoretically 
the cyclisation of (III; R = H) might also give rise to 2 : 3 : 5 : 6-dibenzfluorenone (VI) ; 
in practice, however, we were unable to isolate any of this substance, ring closure, under 
the conditions employed, occurring almost exclusively in the desired direction, giving (IV). 
The preparation of 1 : 2’-dinaphthyl-2-carboxylic acid (III; R =H) by simple means 
appeared to rest on the possibility of direct introduction of a naphthyl residue into the 
nucleus of 2-naphthoic acid. The union of aryl nuclei can be effected amongst other 
methods by the reaction of N-nitrosoacylarylamines with aromatic compounds according 
to the scheme : 


Ar-N(NO)Ac + Ar’H — > Ar-Ar’ + N, + AcOH. 

This reaction, originally discovered by Bamberger (Ber., 1897, 30, 366), has in recent 
years been the subject of investigation in these laboratories (cf. Grieve and Hey, J., 1934, 
1797), where it has been extended to the synthesis not only of terphenyl derivatives 
(France, Heilbron, and Hey, J., 1938, 1364; 1939, 1283, 1288) but also of phenylnaph- 
thalenes (Hey and Lawton, J., 1940, 374). In general it has been found that the highly 


reactive nature of the nitroso-compound necessitates the second component of the reaction 


_ being in the liquid state at normal temperatures and it must be present in considerable 


excess (cf. Haworth and Hey, J., 1940, 361). Although no case of dinaphthyl synthesis 


_ by this method had hitherto been recorded, there seemed no reason to suppose that the 


method would not apply equally well in such a case provided that a liquid or low-melting 
naphthalene derivative could be employed as second component. For the preparation 
of the acid (III; R = H) by the Bamberger synthesis the most obvious procedure was the 
condensation of N-nitrosoaceto-2-naphthalide (II) with 2-naphthoic acid; to get over 
the difficulty presented by the high m. p. of 2-naphthoic acid, its amyl ester (I; R = C,H,,), 
which is liquid at room temperature, was chosen. 


CH, co 


(IV.) (Vv.) (VI.) 
When N-nitrosoaceto-2-naphthalide was added in small portions with stirring to a 
large excess of crude amyl 2-naphthoate (prepared from commercial amyl alcohol), evolu- 
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tion of nitrogen took place and a deep red solution was obtained. The product, apparently 
a mixture of esters, was isolated by distillation as a viscous orange-coloured syrup. In 
the condensation of N-nitrosoacylarylamines with monosubstituted benzenes it is known 
that the entering group always takes up a position ortho or para to the substituent already 
present and as a rule both types of substitution occur simultaneously (Grieve and Hey, 
loc. cit.). Hence, although in the present case substitution in the 1-position of the 
2-naphthoic ester was probable, substitution elsewhere was also to be expected. This 
proved to be the case, since the above reaction product gave, on hydrolysis, a mixture 
from which two crystalline acids were isolated. One of these (m. p. 204—205°) was the 
expected 1 : 2’-dinaphthyl-2-carboxylic acid (III; R = H), which readily yielded 1 : 2: 5: 6- 
dibenzfluorenone (IV) on heating with sulphuric acid. The other (m. p. 231—232°) was 
an isomeric acid, which could not be cyclised with sulphuric acid and on decarboxylation 
afforded 1:2’-dinaphthyl. This acid is therefore 1 : 2’-dinaphthyl-x-carboxylic acid, 
where x = 3, 6, or 7; a definite structure cannot be assigned on the available evidence, but 
from the mode of preparation the carboxyl group is probably in position 6. 

For the preparation of (IV) the separation of the isomeric dinaphthylcarboxylic acids 
is both wasteful and unnecessary, since only (III ; R = H) can undergo cyclisation. Treat- 
ment of the crude product with sulphuric acid gives a mixture from which (IV) is readily 
separated as a neutral fraction. Reduction of (IV) to 1: 2:5: 6-dibenzfluorene (V) by 
the Clemmensen method is unsatisfactory, but it is smoothly accomplished by heating with 
hydrazine, a method suggested to us by Professor J. W. Cook, who has used it successfully 
in similar cases. 

The synthetic method described should be applicable to the preparation of other 
dibenzfluorenones. For instance, from the reaction product of N-nitrosoaceto-2-naph- 
thalide and amyl 1-naphthoate, 1 : 2: 7: 8-dibenzfluorenone (VII) should be obtained, 
and from that of N-nitrosoaceto-l-naphthalide and amyl 2-naphthoate, 3 : 4 : 5 : 6-dibenz- 
fluorenone (VIII); this has been experimentally verified. The crude reaction product 
from N-nitrosoaceto-2-naphthalide and amyl l-naphthoate, hydrolysed and treated with 
sulphuric acid, gave three products. One of these was 1: 2:7: 8-dibenzfluorenone, 
m. p. 265—266°, its identity being established by a mixed m. p. determination with a 
specimen prepared by a different route and kindly supplied by Dr. R. Martin and by 
reduction to 1: 2:7: 8-dibenzfluorene. This ketone corresponds in properties to the 
dibenzfluorenone, m. p. 255°, described by Schmidlin and Huber (Ber., 1910, 48, 2833)° 
and to that, m. p. 269—270°, of Tschitschibabin and Magidson (J. pr. Chem., 1914, 90, 
174). The second product, obtained only in small amount, crystallised in yellow needles, 
m. p. 182—183°; it gave unsatisfactory analytical values and was possibly a mixture. 
On account of the small amount available it was not further examined. The third sub- 
stance isolated had m. p. 206—207° and showed the properties of a dinaphthylcarboxylic 
acid. Since it yielded 1 : 2’-dinaphthyl on decarboxylation and did not undergo cyclisation 
with sulphuric acid, it is evidently a 1 : 2’-dinaphthylcarboxylic acid in which the carboxyl 
group is located in position 4,5, or 8. The isolation of 2 : 2’-dinaphthyl-l-carboxylic acid, 
which must have been the precursor of 1 : 2 : 7 : 8-dibenzfluorenone, was not attempted. 


CO 
CO 


O 
(VII.) (VIII.) = (IX.) 


Reaction of N-nitrosoaceto-l-naphthalide with amyl 2-naphthoate led to the produc- 
tion of large amounts of azo-compounds and the crude product on hydrolysis and ring- 
closure gave only a small amount of solid material. From this a very small amount of 
3: 4:5: 6-dibenzfluorenone (VIII) was isolated. It had m. p. 222—223°, undepressed 
on admixture with a specimen synthesised by a different route (Martin, following paper) 
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and kindly supplied by Dr. R. Martin. The dibenzfluorenone was accompanied by a 
somewhat larger amount of a yellow, apparently isomeric substance, m. p. 186—187°. 
From its occurrence as a product in the above series of reactions it would appear likely 
that it is 1: 2:8: 9-dibenz-10-anthrone (IX), but synthesis of the latter substance for 
purposes of comparison has not yet been completed.* 

It is evident from the results obtained that, while the synthetic method does in each 
case yield the expected dibenzfluorenone, its value as a preparative method is confined to 
1: 2:5: 6-dibenzfluorenone. 


EXPERIMENTAL. 


Amyl 2-Naphthoate.—2-Naphthoic acid was prepared from $-naphthylamine in 46% yield 
by means of a Sandmeyer reaction, followéd by hydrolysis of the crude tarry nitrile with sulphuric 
acid. The acid was esterified by a refluxing for 10 hours with commercial amyl alcohol con- 
taining a little sulphuric acid. The product, a yellowish syrupy liquid, b. p. 195—200°/13 mm., 
was doubtless a mixture of isomeric amyl esters with isoamyl 2-naphthoate preponderating. 
Since the sole reason for esterification was to obtain a liquid derivative of the acid, no attempt 
was made to purify the product further. 

Reaction of N-Nitrosoaceto-2-naphthalide with Amyl 2-Naphthoate.—(a) Small scale. N- 
Nitrosoaceto-2-naphthalide (28 g.) (Hey and Lawton, Joc. cit.) in powder form was added in 
small portions during 6 hours to amyl 2-naphthoate (230 g.) stirred and maintained at 27—29° ; 
nitrogen was evolved and a deep red colour developed. After being stirred for a further 
2 hours, the mixture was left at room temperature during 18 hours, and the small amount of 
acetic acid formed removed by heating on a steam-bath under 13 mm. pressure. Unchanged 
amyl 2-naphthoate (212 g.) was recovered by distillation at 140—145°/0-015—0-02 mm. (bath 
temp. ca. 170°). [At the commencement of the distillation a small sublimate of naphthalene 
(0-6 g.) was obtained.] The dark reddish-brown residue was subjected to distillation under a 
pressure of 10“ mm. An orange-red viscous syrup (17 g.) distilled slowly at 170—180° (bath 
temp.). This product, which was sparingly soluble in light petroleum, moderately so in 
alcohol, and very soluble in acetone and ether, could not be crystallised and analysis indicated 
that it was a mixture (Found: C, 82-9; H, 6-6%). 

(b) Large scale. For the preparation of larger amounts it was found convenient to reduce 
the excess of amyl 2-naphthoate. N-Nitrosoaceto-2-naphthalide (72 g.) was added during 
12 hours to stirred amyl 2-naphthoate (497 g.) maintained at 27—29°. The solution was 
stirred for 12 hours, and a further amount of nitroso-compound (40 g.) added during 8 hours 
at the same temperature. After standing for 24 hours, unchanged ester (424 g.) was recovered 
as before. The residue (136 g.) was distilled in portions of 30 g. over a free flame under 0-02 
mm. pressure, yielding an orange-red distillate (63 g.) suitable for proceeding to the next step 
in the synthesis. Failure to distil the product at this stage led to lower and inconsistent yields 
of 1: 2: 5: 6-dibenzfluorenone. 

1 : 2'-Dinaphthyl-2-carboxylic Acid (III; R = H) and 1: 2’-Dinaphthyl-x-carboxylic Acid,— 
The above orange-red syrup (63 g.) was refluxed for 2 hours with alcoholic potassium hydroxide 
(550 c.c. of 10%). A small amount of unidentified solid separated; this was removed, and 
the dark brown filtrate concentrated, poured on ice, and acidified with hydrochloric acid. 
The resinous solid was collected, washed with water, and dissolved in glacial acetic acid (100 
c.c.). On standing for 3 days brownish crystalline acid A (10 g.), m. p. 198—205°, separated ; 
it was collected and washed with acetic acid (30 c.c.). The combined filtrate and washings, 
after concentration to smaller bulk (65 c.c.) and keeping for some days, yielded crystalline 
acid B (6-5 g.), m. p. 175—180°. 

Acid A. After several recrystallisations from acetic acid (charcoal) the acid’ (1 : 2’-di- 
naphthyl-x-carboxylic acid) formed colourless plates, m. p. 231—232° after slight sintering at 
225° (Found: C, 84:0; H, 4-2. C,,H,,O, requires C, 84-6; H, 4-7%). When heated under 
reflux for 3 hours in quinoline (6 c.c.) with copper chromite (0-15 g.), the acid (1-0 g.) under- 
went decarboxylation and gave 1 : 2’-dinaphthyl, m. p. 76°. 

Acid B. After five recrystallisations from acetic acid (charcoal) the acid formed pale 
yellowish prisms, m. p. 204—205°, which on drying in a desiccator became white and opaque 


* (Note added, October 7th.) The suggested structure for the compound, m. p. 186—187°, has 
since been confirmed ; no depression in m. p. was observed in admixture with a specimen of (IX), m. p. 
186°, kindly supplied by Dr. R. Martin, who prepared it by fusion of 3: 4: 5: 6-dibenzfluorenone with 
sodium and aluminium chlorides. 
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(Found: C, 84:2; H, 46%). Its constitution as 1: 2’-dinaphthyl-2-carboxylic acid (III; 
R = H) follows from its ready conversion into 1 : 2: 5 : 6-dibenzfluorenone (IV) (see below). 

1: 2:5: 6-Dibenzfluorenone (IV).—(a) From isolated 1 : 2'-dinaphthyl-2-carboxylic acid. The 
acid (0-3 g.) isolated as above was heated on a steam-bath for 1} hours with a mixture of glacial 
acetic acid (2 c.c.) and sulphuric acid (2 c.c. of 80%). The mixture was diluted with water, 
and the red-brown precipitate collected, washed with water, dried, and recrystallised from 
ethyl acetate. 1: 2:5: 6-Dibenzfluorenone (0-22 g.) formed deep red, diamond-shaped plates, 
m. p. 164—165°, undepressed by admixture with a specimen (m. p. 164—165°) prepared by 
oxidation of 1 : 2: 5 : 6-dibenzfluorene and kindly supplied by Prof. J. W. Cook. 

(b) Without isolation of the dinaphthylcarboxylic acids. The distilled product (17 g.) from 
the reaction between N-nitrosoaceto-2-naphthalide and amyl 2-naphthoate was hydrolysed.in 
the manner above described, and the resinous solid dissolved in glacial acetic acid (60 c.c.). 
Sulphuric acid (100 c.c. of 80%) was added, and the mixture heated on the steam-bath with 
occasional shaking for 14 hours, then poured into ice-water (1 1.) with stirring. The solid was 
collected and stirred’ with sodium hydroxide solution (250 c.c. of 2%) at room temperature. 
The filter residue was dissolved in chloroform (350 c.c.), and the extract freed from traces of acidic 
material by two washings with sodium hydroxide solution (2%), dried, and evaporated. The 
dark brown solid obtained (5-5 g.), recrystallised from ethyl acetate, gave diamond-shaped red 
plates (3 g.), m. p. 1568—160°, raised by further recrystallisation to 165°, undepressed by authentic 
1: 2:5: 6-dibenzfluorenone (Found: C, 90-4; H, 4-5. Calc. for C,,H,,0: C, 90-0; H, 4:3%). 

1: 2:5: 6-Dibenzfiuorene (V).—The ketone (IV) (2 g.) and aqueous hydrazine hydrate 
(8 c.c. of 50%) were heated together in a sealed tube at 200° for 6 hours. The dark-coloured 
- solid product on crystallisation from ethyl acetate gave brownish-yellow plates, m. p. 172—173°. 
The colour was not removed by recrystallisation alone, but sublimation at 120°/10-* mm., 
followed by crystallisation from ethyl acetate, gave 1: 2:5: 6-dibenzfluorene in colourless 
plates, m. p. 174—175°, undepressed on admixture with a specimen (m. p. 171—172°) kindly 
supplied by Prof. J. W. Cook. 

Reaction of WN-Nitrosoaceto-2-naphthalide with Amyl 1-Naphthoate.—N-Nitrosoaceto-2- 
naphthalide (28 g.) (Hey and Lawton, loc. cit.) in powder form was added in small amounts 
during 10 hours to amyl 1-naphthoate (125 g.) stirred and maintained at 27—29°. Nitrogen 
was evolved and after stirring overnight at room temperature the acetic acid formed during 
the reaction was removed by heating on a steam-bath under 13 mm. pressure. Unchanged 
amyl 1-naphthoate (103 g.) was recovered by distillation at 135—145°/0-02 mm. (bath temp. 
ca. 150—160°). The remaining deep red tarry resin (34 g.) was distilled under 10-* mm. (bath 
temp. ca. 180°). The distillate (16 g.), a viscous red-brown syrup, was sparingly soluble in 
light petroleum, moderately so in alcohol, and very soluble in acetone and ether, but could 
not be crystallised. 

1:2: 7: 8-Dibenzfluorenone.—The above red viscous distillate (16 g.) was hydrolysed with 
alcoholic potassium hydroxide (160 c.c. of 10%) in the manner already described for the product 
of reaction between N-nitrosoaceto-2-naphthalide and amyl 2-naphthoate. The mixture of 
crude acids (14-5 g.) so obtained was dissolved in acetic acid (50 c.c.),’ sulphuric acid (66 c.c., 
d 1-84, diluted with 16 c.c. of water) added, and the mixture heated on the steam-bath for 
2 hours. The product was poured into ice-water (500 c.c.), and the ochre-brown precipitate 
together with some solid. resin collected, washed, and stirred with 2% sodium hydroxide solu- 
tion (300 c.c.). With a view to extracting undissolved solid, chloroform was added, but it 
caused separation of insoluble solid at the interface. The extraction was therefore not pro- 
ceeded with, the solid in suspension being removed by filtration and the chloroform then 
separated from the aqueous layer. 

The filtered solid (ca. 3-0 g.) was heated with acetic acid (ca. 60 c.c.) and, after cooling, 
insoluble solid (0-8 g.) (A) removed by filtration and crystallised from pyridine. 1:2:7: 8- 
Dibenzfluorenone (0-6 g.) separated in orange-brown plates, m. p. 261—263°. A further 
crystallisation from the same solvent (charcdal) raised the m. p. to 265—266°, undepressed in 
admixture with a specimen, m. p. 263-5—265°, kindly supplied by Dr. R. Martin (Found: 
C, 90-3; H, 4-4. Calc. for C,,H,,0: C, 90-0; H, 4-3%). With concentrated sulphuric acid 
the ketone gave a crimson colour. 

The chloroform extract, after drying and removal of the solvent, gave an oily brown solid 
(4-0 g.), which was crystallised from ethyl acetate. 1:2: 7: 8-Dibenzfluorenone (ca. 0-15 g.) 
was separated and the mother-liquor deposited a yellow-brown crystalline solid (0-5 g.), which 
after repeated crystallisation yielded pale yellow needles (0-15 g.), m. p. 182—183° (Found : 
C, 79-9, 81-5; H, 4-4, 46%). 
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1:2: 7: 8-Dibenzfinorene.—1 : 2: 7: 8-Dibenzfluorenone (0-2 g.) and hydrazine (2 c.c. of 

50%) were heated together in a sealed tube at 200° for 6 hours. The red-brown crystalline 

solid was collected and crystallised several times from ethyl acetate (charcoal). 1:2:7: 8- 
Dibenzfluorene separated in colourless plates, m. p. 230—231° (literature, m. p. 234°). 

1 : 2’-Dinaphthylcarboxylic Acid, m. p. 206—207°.—The acetic acid mother-liquor from (A) 
after concentration deposited 1: 2’-dinaphthylcarboxylic acid (ca. 1-5 g.). Recrystallisation 
from acetic acid (charcoal) yielded the acid in small colourless plates, m. p. 206—207° (Found : 
C, 84-9; H, 4-9. C,,H,,O, requires C, 84-6; H, 4-7%). 

By heating under reflux for 10 hours with quinoline (6 c.c.) and copper bronze (0-1 g.) the 
acid (0-9 g.) was decarboxylated to 1: 2’-dinaphthyl, m. p. 77—78-5°, undepressed by the 
specimen obtained by decarboxylation of the acid, m. p. 231—232°, isolated during the prepar- 
ation of 1 : 2: 5 : 6-dibenzfluorenone. 

Reaction of N-Nitrosoaceto-l-naphthalide with Amyl 2-Naphthoate.—N-Nitrosoaceto-1- 
naphthalide (cf. Haworth and Hey,.J., 1940, 361) was prepared from aceto-l-naphthalide, 
nitrosyl chloride being used, in an exactly similar manner to the corresponding 2-compound 
(Hey and Lawton, Joc. cit.). The freshly prepared dry nitroso-compound (29 g.) was added 
in powder form during 6 hours to amyl 2-naphthoate (200 g.), stirred and maintained at 27—30°. 
After a further 12 hours’ stirring, acetic acid was removed by heating on a steam-bath under 
13 mm. pressure. The excess of amyl 2-naphthoate (188 g.) was recovered by distillation 
under reduced pressure (b. p. 140—145°/0-015—0-02 mm.). The deep red, resinous residue 
(28 g.)’ was subjected to distillation under 10-* mm. pressure (bath temp. ca. 180°). A red 
viscous syrup (ll g.) was obtained together with a sublimate of crystalline azo-compound 
which was not examined. 

3:4: 5: 6-Dibenzfluorenone.—The distillate (11 g.) was hydrolysed with alcoholic potassium 
hydroxide (100 c.c. of 10%) in the usual manner, and the crude resinous acid (9-5 g.) dissolved 
in acetic acid (40 c.c.) and heated on the steam-bath for 14 hours with sulphuric acid (48 c.c., 
d, 1-84, diluted with 12 c.c. of water). The product was poured into ice-water (1 1.), and the 
precipitated solid collected, washed, and digested with cold 2% sodium hydroxide solution 
(ca. 300 c.c.). The small amount of residual solid was extracted with chloroform, and the chloro- 
form solution washed with sodium hydroxide (2% soln.) and water and dried (sodium sulphate). 
Removal of the chloroform left a deep yellow-brown resin (1-4 g.), which was dissolved in 
benzene (50 c.c.) and passed through a column of aluminium oxide (20 cm. in length, 2 cm. in 
diam.). The column was washed witli benzene (100 c.c.), and the filtrates collected, concen- 
trated (to 20 c.c.), and again passed through a column of aluminium oxide (27 cm. x 2 cm.). 
The column was washed with benzene, and two fractions collected: I, washed with 120 c.c. 
of benzene; the residue after removal of solvent was a red resin (0-4 g.). II, washed with 
100 c.c. of benzene; the residue after removal of solvent was an orange-brown resin (0-7 g.). 

Fraction I, crystallised from ethyl acetate, yielded 3: 4: 5: 6-dibenzfluorenone (50 mg.) 
in red prisms, m. p. 222—223°, undepressed in admixture with a specimen kindly supplied by 
Dr. R. Martin (Found: C, 90-2; H, 4-3. Calc. for C,,H,,0: C, 90-0; H, 43%). With 
concentrated sulphuric acid it gave a deep orange colour. 

Fraction II, crystallised several times from ethyl acetate, gave yellow needles (0-2 g.), 
m. p. 186—187° (Found: C, 89-4; H, 4:3. C,,H,,O requires C, 90-0; H, 4:3%). With 
sulphuric acid an orange-red colour was obtained. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for their support 
of this investigation and for permission to publish the results. 
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125. Polycyclic Aromatic Hydrocarbons. Part XXVIII. 
Dibenzfluorenes. 


By RIcHARD H. MARTIN. 


Confirmation of the molecular structure of a carcinogenic hydrocarbon, 1 : 2: 7: 8- 
dibenzfluorene, has been obtained by its degradation to 2 : 2’-dinaphthyl, and by the 
synthesis of 2:3:6:7- and 1: 2:6: 7-dibenzfluorenones, different from the ketone 

‘ formed by oxidation of 1: 2:7: 8-dibenzfluorene. These three ketones represent all 
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the possible dibenzfluorenones related to 2:2’-dinaphthyl. 3:4: 5: 6-Dibenz- 
fluorene has been synthesised from 1-bromo-2-naphthoic acid. The three other 
dibenzfluorenes which are theoretically possible are all known, and it is concluded that 
the pentacyclic hydrocarbon formed by dehydration of di-2-naphthylcarbinol is 
2:3: 5: 6-dibenzfluorene. 


ABILITY to induce malignant tumours of the skin in mice is shown by 1: 2: 5: 6-dibenz- 
acridine and 1: 2:5: 6-dibenzcarbazole as well as by the corresponding hydrocarbons 
1: 2:5: 6-dibenzanthracene and 1 : 2: 5: 6-dibenzfluorene (Barry e¢ al., Proc. Roy. Soc., 
1935, B, 117, 318; Bachmann ef al., ibid., 1937, B, 123, 343; Boyland and Brues, 7bid., 
1937, B, 122, 429). Furthermore, in the case of the heterocyclic compounds this type 
of biological activity is not confined to the 1 : 2: 5: 6-structure but is shown also by the 
3:4:5:6-compounds. All these compounds can effect inhibition of tumour growth, in 
which respect 1 : 2: 5: 6-dibenzfluorene is especially active (Haddow, 16th Ann. Rept. 
British Empire Cancer Campaign, 1939, 300; Haddow and Robinson, Proc. Roy. Soc., 
1939, B, 127, 277), although it is only weakly carcinogenic. Hence it seemed of interest 
to extend the study of biological properties to isomeric dibenzfluorenes. Recently it has 
been found that both 1:2:3:4- and 1:2: 7: 8-dibenzfluorenes are weakly carcinogenic 
to the skin of mice, although, like the 1 : 2 : 5 : 6-compound, they have not given sarcomas 
when injected subcutaneously (Badger, Cook, Hewett, Kennaway, Kennaway, Martin, 
and Robinson, Proc. Roy. Soc., 1940, B, 129, 439). 

The 1: 2:7: 8-dibenzfluorene used in these experiments was the hydrocarbon, m. p. 
234°, obtained by dehydration of di-l-naphthylcarbinol with metaphosphoric acid 
(Tschitschibabin and Magidson, J. pr. Chem., 1914, 90, 168; compare Schmidlin and Mas- 
sini, Ber., 1909, 42, 2377). However, the red ketone (I), m. p. 270°, obtained by oxidation 
of this hydrocarbon (Tschitschibabin and Magidson, Joc. cit.; Schmidlin and Huber, Ber., 
1910, 43, 2824; Wanscheidt, Ber., 1926, 59, 2092) is clearly different from the orange 
picylene ketone (m. p. 185°) obtained by Bamberger and Chattaway (Amnalen, 1895, 
284, 52) by distilling picenequinone with lead oxide or by dehydrating picenic acid. Yet 
from the available evidence picylene ketone should be 1 : 2:7: 8-dibenzfluorenone (I) 
or, less probably, 1 : 2: 6: 7-dibenzfluorenone (II) (see following paper). Hence it was 
desirable to secure corroboration of the structure of the hydrocarbon formed from di-1- 
naphthylcarbinol. In support of the suggested structure it was found that the ketone, 
m. p. 270°, was converted by fused potash into 2 : 2’-dinaphthyl-1-carboxylic acid, which 
gave 2: 2'-dinaphthyl on decarboxylation and was dehydrated by 80% sulphuric acid 
to the red ketone whence it was obtained. 
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This degradation to 2 : 2’-dinaphthyl accords not only with the 1 : 2: 7 : 8-structure (I) 
but also with the structures (II) and (V) for the ketone in question. These two alter- 
natives have been excluded by independent synthesis of the 2:3:6:7- and 1:2:6:7- 
dibenzfluorenones, which differed from the red ketone, m. p. 270°. For this purpose, 
the methyl ester of 3-bromo-2-naphthoic acid (III) was converted by heated copper 
bronze into the ester of 2 : 2’-dinaphthyl-3 : 3’-dicarboxylic acid (IV), which gave 2:3: 6: 7- 
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dibenzfluorenone (V) when its lead salt was pyrolysed under reduced pressure. Fusion 
with potash transformed this ketone into 2 : 2’-dinaphthyl-3-carboxylic acid (V1), decarb- 
oxylated to 2: 2’-dinaphthyl. Dehydration of the acid (VI) led to ring-closure in the 
a-position of the uncarboxylated naphthalene ring, so that a new ketone was formed. This 
was clearly 1 : 2: 6 : 7-dibenzfluorenone (II). 

3: 4:5: 6-Dibenzfluorenone (VIII) was synthesised by a similar method to that used 
for the 2:3:6:7-compound. The methyl ester of 1: 1’-dinaphthyl-2 : 2’-dicarboxylic 
acid (VII) was prepared by heating methyl 1-bromo-2-naphthoate with copper bronze, 
and the dicarboxylic acid was transformed into the pentacyclic ketone (VIII). Its struc- 
ture was confirmed by potash fusion to 1: 1’-dinaphthyl-2-carboxylic acid, which was 
decarboxylated to 1:1’-dinaphthyl. Reduction of the ketone (VIII) to 3:4:5:6- 
dibenzfluorene could not be effected by Clemmensen’s method, but was successfully accom- 
plished by heating with hydrazine hydrate at 180°. Tests for carcinogenic activity with 
3: 4:5: 6-dibenzfluorene are in progress. 
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In view of the biological interest of 1: 2:5: ee which was first synthes- 
ised by a rather laborious procedure (Cook e¢ al., J., 1935, 1319), a more convenient synthesis 
was attempted by dehydration of 1: 2’-dinaphthylcarbinol. The desired hydrocarbon 
was obtained from this carbinol by heating with metaphosphoric acid, but the yield was 
too small for the method to be of practical value. 

Six dibenzfluorenes have been discussed above. Only one other structure (2 : 3: 5: 6) 
(X) is theoretically possible, and this should therefore represent the hydrocarbon obtained 
by Schmidlin and Huber (loc. cit.) as a by-product in the preparation of di-2-naphthyl- 
carbinol (IX). 
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The oxidation product of this hydrocarbon is an orange-red ketone giving a deep blue 
solution in sulphuric acid, and the m. p.’s of the hydrocarbon (190-5°, corr.) and its ketone 
(163—165°, corr.) serve to distinguish them from the other six dibenzfluorenes and their 
ketones. 

Although 1 : 2: 6: 7-dibenzfluorenone was prepared by cyclisation of the acid (VI), 
it was not obtained in sufficient quantity for conversion into the corresponding hydro- 
carbon, and personal circumstances have prevented the completion of this project. During 
the course of the investigation the synthesis of 1 : 2 : 6: 7-dibenzfluorene was attempted 
by a modification of the method used by Cook e¢ al. (loc. cit.) for the preparation of - 
1:2:5:6-dibenzfluorene. It was anticipated that chloromethylation of tetralin would 
take place mainly in the 8-position of the aromatic ring, and that by condensation of the 
chloromethyl-tetralin with ethyl sodiomethylmalonate an acid could be prepared which 
would undergo cyclisation in the other -position, leading to the ketone (XI) (see Barbot, 
Bull. Soc. chim., 1930, 47, 1314; Darzens and Lévy, Compt. rend., 1935, 201, 730, 902). 
Such a ketone, on condensation with §-phenylethylmagnesium chloride, would give a 
tertiary carbinol which should be capable of dehydration to a hydroaromatic hydro- 
carbon which would pass into 1 : 2 : 6 : 7-dibenzfluorene on dehydrogenation. 

When a ketone was prepared by the method described, there was obtained a liquid 
product, from which by strong cooling some 10% could be isolated as a pure crystalline 
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ketone, m. p..81°. Both the crystalline ketone and the liquors from which it had been 
separated were oxidised by dilute nitric acid to a acid. There was no evidence 
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of the formation of pyromellitic acid, which would arise from (XI). Consequently the 
crystalline ketone must have structure (XII) or (XIII) and the results indicate that both 
of these ketones were formed to the exclusion of (XI). 


EXPERIMENTAL. 


2:3:6: 7-Dibenzfluorene.—3-Bromo-2-naphthoic acid (III) was prepared from 3-amino- 
2-naphthoic acid (kindly presented by Imperial Chemical Industries, Ltd., Dyestuffs Group) 
by a method which was essentially that of Kenner, Ritchie, and Wain (J., 1937, 1526). The 
crude bromo-acid was esterified by 10 hours’ heating on the water-bath with methyl alcohol 
(10 parts) saturated with hydrogen chloride. The distilled ester, b. p. 170°/1-5 mm., crystal- 
lised immediately. The methyl ester (25 g.) was heated with copper bronze (18 g.) at 190— 
200°, as described below for the isomeric bromo-ester. The product was extracted with 
benzene and then distilled in a vacuum. Some unchanged bromo-ester (1-4 g.) was recovered, 
Methyl 2 : 2'-dinaphthyl-3 : 3'-dicarboxylate (15-8 g.) distilled at 260—270°/0-6 mm. and was 
recrystallised for analysis from benzene and then alcohol. It had m. p. 173—173-5° (Found : 
C, 77-6; H, 4:8. C.,H,,0, requires C, 77-8; H, 49%). Hydrolysis with alcoholic potash 
gave 2: 2’-dinaphthyl-3 : 3’-dicarboxylic acid (IV), which formed colourless needles (from 
alcohol), m. p. 298—299°, after darkening (bath preheated to 280°) (Found: C, 77:1; H, 4-0. 
C,,H,,0, requires C, 77-2; H, 4:1%). 

An attempt to convert this acid into 2: 3:6: 7-dibenzfluorenone by the procedure used 
for 3: 4:5: 6-dibenzfluorenone was unsuccessful, and recourse was had to pyrolysis of the 
lead salt. This was prepared by addition of lead acetate to an aqueous solution of the sodium 
salt. The lead salt (5 g.) was heated at 0-2 mm. over a free flame. The distillate was recrys- 
tallised from acetic acid and then several times from xylene. 2:3: 6: 7-Dibenzfluorenone (V) 
(1-5 g.) formed bright yellow needles, m. p. 269—270° (Found: C, 89-8; H, 4:5. C,,H,,0 
requires C, 90-0; H, 43%). This ketone, which gave a brown solution in concentrated sulphuric 
acid, depressed the m. p. of 1: 2: 7: 8-dibenzfluorenone. When the pyrolysis was carried out 
on four times this scale, the product was a mixture of the fluorenone derivative with 2: 2’- 
dinaphthyl. Separation was effected by vacuum sublimation, and the more volatile 
hydrocarbon fraction was purified by chromatographic means (using alumina), followed by 
preparation of the picrate. 

The ketone (V) (1 g.) was reduced by heating for 8 hours in a sealed tube at 205° with 
hydrazine hydrate (6c.c.). . The resulting 2: 3 : 6 : 7-dibenzfluorene, after sublimation at 210°/0-1 
mm. and recrystallisation from benzene, formed colourless plates, m. p. 282-5—283-5° (Found : 
C, 94-65; H, 5-2. C,,H,, requires C, 94-7; H, 5-3%). 

2 : 2’-Dinaphthyl-3-carboxylic acid (V1) was formed when 2 : 3 : 6 : 7-dibenzfluorenone (0-5 g.) 
was heated for } hour at 240—250° with potassium hydroxide (3 g.). The acid, precipitated 
from a filtered extract of the melt, was crystallised from acetic acid and then alcohol. It had 
. m. p. 189—191°, and depressed the m. p. of the acid, m. p. 177—179°, similarly prepared from 
1: 2:7: 8-dibenzfluorenone (Found: C, 84:75; H, 4-8. C,,H,,O, requires C, 84-5; H, 47%). 
Decarboxylation of (VI) with copper bronze (0-5 part) in quinoline (10 parts) at 240—250° 


gave 2: 2’-dinaphthyl, m. p. 183—184° alone or mixed with an authentic sample. When the . 


acid (VI) was heated on the water-bath for 3 hours with 80% sulphuric acid (50 parts), it was 
dehydrated to 1: 2:6: 7-dibenzfluorenone (II), which, after crystallisation from acetic acid 
and then xylene, formed orange plates, m, p. 211°, which gave a carmine-red solution in con- 
centrated sulphuric acid (Found: C, 89-9; H, 4-4. C,,H,,0 requires C, 90-0; H, 4:3%). 

3: 4:5: 6-Dibenzfluorene.—1-Bromo-2-naphthylamine, prepared through the bromination 
of benzylidene-f-naphthylamine (Franzen and Ejidis, J. pr. Chem., 1913, 88, 755), was con- 
verted into 1-bromo-2-naphthoic acid as described by Boyes, Grieve, and Rule (J., 1938, 1833). 
A mixture of methyl 1-bromo-2-naphthoate (19-7 g.) and copper bronze (3 g.) was heated 
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in an oil-bath to 190°, and more copper bronze (10 g.) was stirred in in portions during } hour. 
The temperature was maintained at 190° for a further 4} hours, the product extracted with 
hot benzene, and the benzene removed from the filtered extract. Crystallisation of the residue 
from cyclohexane and then thrice from methyl alcohol gave methyl 1: 1'-dinaphthyl-2 : 2’- 
dicarboxylate (8- 5 g.) in small colourless plates, m. p. 156-5—157-5° (Found: C, 77-7; H, 4-9. 
CoH 140, requires C, 77-8; H, 49%). The acid (VII) obtained by hydrolysis had m. p. 266° 
in agreement with Kalb (Ber., 1914, 47, 1724). 

For ring-closure to the fluorenone, this acid (17-4 g.) was boiled under reflux for 4 hour 
with excess of acetic anhydride. This was distilled, and the residue was heated at 280° for 
3 hours. The resulting ketone (9-4 g.) was isolated by extraction with hot benzene or by 
vacuum distillation, followed by recrystallisation from benzene. For analysis, a specimen 
was sublimed at 0-4 mm. and recrystallised from ethyl acetate. 3:4: 5: 6-Dibenzfluorenone * 
(VIII) formed dark red, prismatic needles, m. p. 222—-222-5°, which gave a carmine-red solution 
in sulphuric acid (Found: C, 89-7; H, 4-2. C,,H,,O requires C, 90-0; H, 4:3%). Its oxime 
crystallised from xylene in small orange-red needles, m. p. 253—254° (Found: C, 85-6; H, 4-3. 
C,,H,;ON requires C, 85-4; H, 4-4%). 

Reduction of the ketone (2 g.) was effected by heating at 180° for 15 hours in a sealed tube 
with hydrazine hydrate (12 c.c.). The product was crystallised from acetic acid (charcoal) 
and then cyclohexane (yield, 1-35 g.; m. p. 151—152°). After sublimation at 180°/0-6 mm. 
and recrystallisation from benzene, 3: 4: 5 : 6-dibenzfluorene formed colourless plates, m. p. 
152—152-5° (Found : C, 94-8; H, 5-3. C,,H,, requires C, 94-7; H, 5-3%), and gave a reddish- 
brown dipicrate (from benzene), m. p. 154—155° (Found: C, 54:75; H, 2-8. C,,H,,,2C,H,0,N, 
requires C, 54-7; H, 2-8%). When the hydrocarbon (0-2 g.) was heated in a sealed tube at 
215° for 2 hours with selenious acid (0-6 g.) and water (0-3 c.c.), the ketone, m. p. 222°, was 
formed.t 

Fission to 1 : 1'-dinaphthyl-2-carboxylic acid was effected when 3: 4: 5 : 6-dibenzfluorenone 
(0-5 g.) was added during 4 hour to fused potash (2 g.) at 240—250°. The acid, which had 
m. p. 199—200° (from benzene) (Found: C, 84-6; H, 4:8. C,,H,,O, requires C, 84-5; H, 
4-7%), was decarboxylated by heating for an hour at 240—250° with quinoline (10 parts) and 
copper bronze (0-5 part). The resulting 1: 1’-dinaphthyl had m. p. 156°, alone or mixed with 
an authentic sample prepared by interaction of 1-naphthylmagnesium bromide with «-tetralone, 
followed by dehydrogenation with sulphur. 

2: 2'-Dinaphthyl from 1: 2:7: 8-Dibenzfluorene.—The hydrocarbon, m. p. 234°, was pre- 
pared from 1 : 1’-dinaphthylcarbinol by dehydration with metaphosphoric acid (Tschitschibabin 
and Magidson, Joc. cit.) and was purified by vacuum sublimation. The ketone could not be 
satisfactorily obtained by chromic acid oxidation, which was also the experience of Wanscheidt 
(loc. cit.), who obtained, however, an excellent yield of ketone, m. p. 272° (corr.), by auto- 
oxidation in boiling methyl-alcoholic potash. The ketone (I) used in the following experiments 
was prepared by heating 1: 2: 7: 8-dibenzfluorene (1-6 g.) with selenium dioxide (3 g.) and 
water (3 c.c.) in a sealed tube at 230° for 6 hours. The product was purified by vacuum 
sublimation and recrystallisation from benzene (yield, 1-2 g.), and then formed dark red needles, 
m. p. 263—265-5° (uncorr.). This ketone gives a carmine-red solution in sulphuric acid. 
Fusion with potash at 240—250° gave 2 : 2’-dinaphthyl-1-carboxylic acid, which, after crystallis- 
ation from acetic acid and then benzene, formed colourless prisms, m. p. 177—179° (Found : 
C, 84-45; H, 4-8. C,,H,,O, requires C, 84-5; H, 4:7%). This acid (0-1 g.), on heating for 
4 hours at 100° with 80% sulphuric acid (10 c.c.), gave the ketone (45 mg.), m. p. 263°, from 
which it was obtained. Decarboxylation of the acid with copper-bronze in quinoline gave 
2: 2’-dinaphthyl, m. p. 184—185° alone or mixed with an authentic specimen. Reduction 
of the red ketone (I) (0-5 g.) with hydrazine hydrate (3 c.c.) (12 hours at 210°) gave the original 
hydrocarbon, m. p. 234° after purification through its s-trinitrobenzene complex. 

1: 2:5: 6-Dibenzfluorene.—A mixture of l-naphthoyl chloride (50 g.), tetralin (36 g.), 


* (Added in proof.) A specimen of 3: 4: 5: 6-dibenzfluorenone was fused with aluminium chloride 
and sodium chloride, as described by Baddar (this vol., p. 312) for the conversion of 3 : 4-benzfluoren- 
one into 1: 9-benzanthrone. The product, presumably 1 : 2:8: 9-dibenzanthrone, after sublimation at 
180°/0'1 mm. and recrystallisation from benzene-alcohol, formed long yellow needles, m. p. 185—186° 
(Found: C, 89°7; H, 4.3. C,,H,,0 requires C, 90°0; Hf, 43%). This product was identical with a 
compound synthesised by Swain and Todd (preceding paper). 

¢ This method of oxidation of dibenzfluorenes was developed by Dr. G. M. Badger, and was success- 
fully used by him for the preparation of 1 : 2: 5 : 6-dibenzfluorenone (this vol., p. 535), which could 
not be isolated from the products of oxidation of 1 : 2: 5 : 6-dibenzfluorene with chromic acid. 
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and carbon disulphide (40 c.c.) was added to an ice-cooled suspension of finely powdered 
anhydrous aluminium chloride (38 g.) in carbon disulphide (90 c.c.). After 2 hours in the 
ice-bath the mixture was kept at room temperature for 2} hours, and was then refluxed for 
24 hours. The aluminium complex was decomposed with ice and hydrochloric acid, the 
carbon disulphide removed with steam, the product extracted with ether, and the dried extract 
distilled. The resulting viscous liquid (44 g.) had b. p. 230—235°/0-8 mm., and gave an oxime, 
m. p. 172—172-5° (from benzene) (Found: C, 83-6; H, 6-3. C,,H,,ON requires C, 83-7; 
H, 6-3%). Dehydrogenation of the liquid ketone (43 g.) with sulphur (9-7 g.) was effected at 
220°, and when complete, copper bronze (1 g.) was added, and the product distilled in a vacuum. 
After redistillation (b. p. 235°/0-6 mm.) and three crystallisations from benzene-ligroin, pure 
1 : 2’-dinaphthyl ketone (20 g.), m. p. 135°, was obtained. 

A solution of 1 : 2’-dinaphthyl ketone (5 g.) in boiling amyl alcohol (30 c.c.) was added to 
a boiling solution of sodium amyloxide (from 10 g. of sodium and 100 c.c. of amyl alcohol). 
Reduction to the carbinol was completed by boiling for ? hour (this method of reduction is 
due to Diels and Rhodius, Ber., 1909, 42, 1072). 1: 2’-Dinaphthylcarbinol (4 g.), isolated from 
the amyl-alcoholic solution after cautious addition of water, had m. p. 108—109° (from benzene— 
light petroleum), in agreement with the literature. 

For cyclisation, a stirred mixture of 1 : 2’-dinaphthylcarbinol (3 g.) and metaphosphoric 
acid (6 g.) was heated on the water-bath for 10 minutes and then in an oil-bath to 110°. The 
temperature was raised during an hour to 175° and maintained there for } hour. The cooled 
mass was extracted with sodium carbonate solution and washed with boiling water until the 
washings were neutral. The undissolved non-crystalline material was distilled at 0-3 mm. 
When the bath was at 280°, there distilled a few drops of liquid which crystallised immediately. 
Recrystallisation from benzene gave 1 : 2: 5: 6-dibenzfluorene, m. p. 172° alone or mixed with 
an authentic specimen. This hydrocarbon was not obtained when dehydration of the carbinol 
was attempted with (a) 1 vol. of concentrated sulphuric acid in 10 vols. of boiling acetic acid, 
(b) hydrogen chloride in acetic acid on the water-bath, (c) phthalic anhydride at 190°. 

A dibenzfluorene could not be isolated when 2: 2’-dinaphthylcarbinol was treated with 
metaphosphoric acid as described above (compare Schmidlin and Huber, Joc. cit.). 

Chloromethylation of Tetralin.—The following procedure is based on that used by Cambron 
(Canadian J. Res., 1939, 17 B, 10) for naphthalene: A mixture of tetralin (50 g.), paraform- 
aldehyde (13 g.), acetic acid (45 c.c.), concentrated hydrochloric acid (50 c.c.), and syrupy phos- 
phoric acid (22 c.c.) was heated on the water-bath for 44 hours, with mechanical stirring. The 
product was poured into water (14 1.) and extracted with benzene. The benzene solution was 
washed with water and sodium carbonate solution, dried, and distilled. The chloromethyl- 
tetralin (22-5 g.), probably a mixture of «- and §-derivatives, had b. p. 148°/20 mm. 

Condensation of Chloromethyltetralin with Ethyl Methylmalonate.—The aforesaid chloro- 
methyltetralin (32-9 g.) was added dropwise to the sodio-compound formed from powdered 
sodium (4-2 g.) and ethyl methylmalonate (31-8.g.) in pure benzene (120 c.c.). The whole 
was heated for 15 hours on the water-bath, and the product cooled and treated with water. 
The benzene solution was washed, dried, and distilled. A second distillation gave 29-5 g. 
of a colourless oil, b. p. 160—161°/0-4 mm. (Found: C, 72-05; H, 8-3. C,,H,,O, requires 
C, 71:65; H, 8-2%). The substituted malonic acid, obtained by hydrolysis of this ester, was 
heated at 170° until evolution of carbon dioxide ceased. The resulting 6-tetralyl-a-methyl- 
propionic acid (23-8 g.) formed a colourless viscous oil, b. p. 157°/0-1 mm. (Found: C, 76-95; 
H, 8-4. C,,H,,0, requires C, 76-6; H, 8-45%). The chloride was prepared by addition of 
thionyl chloride (20 c.c.) and quinoline (4 drops) to a solution of the foregoing acid (23 g.) in 
dry ether (100 c.c.). After } hour at room temperature the ether and excess of thionyl chloride 
were distilled under reduced pressure. The residual acid chloride was dissolved in benzene 
(200 c.c.) and cyclised by addition of stannic chloride (2 hours at room temperature). The 
solution was poured on ice, and hydrochloric acid and ether added to accelerate hydrolysis of 
the tin complex. * Distillation of the washed benzene solution gave a mixture of ketones (XII 
and XIII) (18-5 g.), b. p. 125—135°/0-4mm. Whenasolution of this oil (15 g.) in light petroleum 
(40 c.c.) was kept at — 2° for 8 hours, crystals separated. These were collected, washed, and 
recrystallised from light petroleum until they melted constantly at 80-5—81-5° (1-4 g.) (Found : 
C, 83-75; H, 8-05. C,,H,,O requires Cy; 84-0; H, 8-05%). The liquid recovered from the 
liquors was thrice distilled and then formed a viscous yellow oil (12-6 g.), b. p. 123°/0-1 mm. 
(Found: C, 83-8; H, 8-2%). 

For oxidation, the crystalline ketone (1-2 g.) was heated at 175° for 7 hours with nitric 
acid (d 1-4) and water (24 c.c.). The product was evaporated to dryness and neutralised with 
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ammonia, and the solution treated with silver nitrate (4-8 g.). The precipitated silver salt was 
collected, dried, and refluxed for 24 hours with methyl iodide in benzene. The resulting 
methyl ester crystallised from methyl alcohol in long white needles, m. p. 130—131° alone or 
mixed with authentic methyl mellophanate. The same ester was readily obtained pure by 
similar oxidation of the liquid ketone. , 

The liquid ketone [presumably a mixture of (XII) and (XIII)] was treated with 8-phenyl- 
ethylmagnesium chloride, and the resulting carbinol dehydrated with potassium hydrogen 
sulphate (cf. Cook e¢ al., loc. cit.). The unsaturated hydrocarbon was a viscous oil, b. p. 174°/0-1 
mm. (Found: C, 91-45; H, 83. C,,H,, requires C, 91-6; H, 8-4%). Cyclisation with 
aluminium chloride in ice-cold carbon disulphide gave a saturated isomeride, b. p. 176° /0-15 mm. 
(Found: C, 91-4; H, 85%). When this was dehydrogenated with selenium at 305° for 
20 hours, it gave a small yield of a crystalline hydrocarbon (isolated by chromatographic purific- 
ation, followed by picrate formation), which crystallised from xylene in colourless plates, 
m. p. 306—308° (bath preheated to 280°) (Found: C, 94-9; H, 5-4. C,,H,, requires C, 94-7; 
H, 5-3%). In view of the heterogeneity of the ketone used in this synthesis, and the small 
yield of aromatic hydrocarbon formed, no opinion is expressed concerning its structure. 


The author thanks Professor J. W. Cook, F.R.S., who suggested this investigation, for his 
interest in its progress, and the British Empire Cancer Campaign for a grant to this Institute, 
which has supported this work. A description of the investigation will be incorporated in a 
thesis to be submitted for a doctorate in the University of Geneva. 


CHESTER BEATTY RESEARCH INSTITUTE, THE Royat CANCER HospPITAL (FREE), 
Lonpon, S.W. 3. [Received, July 17th, 1941.] 





126. Structures of Degradation Products of Picene. 
By J. W. Cook. 


The main constituent of “ picylene ketone ” has been isolated and shown to be 
2’ : 1’-naphtha-1 : 2-fluorenone (II). This implies that picenequinone consists essen- 
tially of the unsymmetrical quinone (III). 


THE analytical evidence for the structure of picene consists in its degradation through 


“sé 


icenequinone to “ picylene ketone” and picenic acid, from which 2: 2’-dinaphthyl 
. was obtained by decarboxylation (Bamberger and Chattaway, Annalen, 1895, 284, 52). 
The synthesis of picene by several methods shows quite conclusively that it is 1 : 2:7: 8- 
dibenzphenanthrene, and hence picylene ketone should be 1: 2: 7 : 8-dibenzfluorenone 
or (less probably) 1:2:6:7-dibenzfluorenone. The preceding paper describes three 
dibenzfluorenones shown to be derived from 2: 2’-dinaphthyl and none of these corre- 
sponds in properties with picylene ketone. As only three such ketones are theoretically 
possible, reinvestigation of picylene ketone became necessary. 

This has now been done and has been much facilitated by the great kindness of 
Dr. F. D. Chattaway, F.R.S., who placed at the author’s disposal a specimen of picylene 
ketone which he prepared nearly half a century ago. By means of the modern chromato- 
graphic technique this material, which melted at about the temperature (185-5°) quoted 
by Bamberger and Chattaway, was separated into a number of fractions, the chief of 
which consisted of a well-crystallised golden-yellow ketone, m. p. 206°. Although this 
is close to the m. p. of 1: 2:6: 7-dibenzfluorenone (preceding paper), the mixed m. p. 
showed a marked depression, and the two ketones differed in their colour reactions with 
concentrated sulphuric acid. By reduction of picylene ketone with hydriodic acid and . 
phosphorus, Bamberger and Chattaway obtained a hydrocarbon, m. p. 306°. As this 
method of reduction is sometimes attended by molecular rearrangement, the purified 
specimen of picylene ketone was reduced with hydrazine hydrate at 220—240° (it was 
subsequently noted that Bamberger and Chattaway had also obtained their hydrocarbon 
by reduction with phenylhydrazine). The product was a hydrocarbon, m. p. 335° (corr.), 
which showed no depression when mixed with synthetic picene. This behaviour recalled 
that of 2’: 1’-naphtha-1 : 2-fluorene (I) (Cook, Hewett, Mayneord, and Roe, J., 1934, 
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1727), with which, in fact, the new hydrocarbon proved to be identical. Moreover, the 
purified picylene ketone, m. p. 206°, was found identical with 2’ : 1’-naphtha-1 : 2-fluorenone 
(II). This finding necessitates revision of the symmetrical structure commonly attributed 
to picenequinone, which must now be regarded as yas essentially of (IIT). 


Ve 


The purified specimen of picylene ketone gave, on fusion with potash, a mixture of 
acids, from which was isolated a compound agreeing in its m. p. with the picenic acid of 
Bamberger and Chattaway. This acid, which differed from the two 2: 2’-dinaphthyl- 
carboxylic acids of Martin, is clearly derived from 2-phenylphenanthrene, and the isolation 
of 2: 2’-dinaphthyl from the products of its decarboxylation must be attributed to the 
presence of impurity in the picenic acid used by Bamberger and Chattaway. 


EXPERIMENTAL. 

All m. p.’s are corrected. 

Purification of Picylene Ketone.—The material supplied was an orange microcrystalline 
powder, m. p. 176—184°. Purification by sublimation was first attempted and the substance 
(0-75 g.) was sublimed at 175—200°/0-05 mm. The more volatile portion of the sublimate 
(0-25 g.) was uniformly orange in colour and highly crystalline. Repeated crystallisation from 
ethyl acetate and from benzene gave orange leaflets, m. p. 197-5—201°. Purification was 
obviously not complete and the material from the liquors was combined with the less volatile 
sublimate (m. p. 179—184°) and dissolved in a mixture of benzene and ligroin. The-solution 
was passed through a column of alumina (100 g.), and the chromatogram developed with 
ligroin. There were two well-marked visible zones, the principal one consisting of material 
less readily adsorbed than the other. Elution was effected by passing through the column 
mixtures of benzene and ligroin progressively enriched in benzene, and finally pure benzene. 
The following fractions were obtained by concentrating the eluates and adding light petroleum : 

i. A hydrocarbon fraction (40 mg.) which crystallised from benzene in colourless leaflets, 
m. p. 278—282° (Found: C, 94-6; H, 58%). There was insufficient material for purification. 

ii. Colourless leaflets (20 mg.) which, after recrystallisation from benzene, had m. p. 295— 
300°, not depressed by picene. 

iii. Golden-orange leaflets (20 mg.), m. p. 203—204°. This was essentially the same as 
fraction iv. 

iv. Golden-orange leaflets (0-25 g.), m. p. 204—205°. 

v. Golden-orange leaflets (65 mg.), m. p. 187—-188°. 

vi. An orange powder (35 mg.) which after crystallisation from ethyl acetate had m. p. 
225—240°. 

vii. A canary-yellow powder (5 mg.) which after recrystallisation from benzene had m. p. 
265—275°. 

Fraction iv, which came from the main coloured zone of the column, was recrystallised 
from ethyl acetate and formed golden-yellow leaflets, m. p. 205-5—206-5° (Found: C, 90-0; 
H, 4:45. C,,H,,0 requires C, 90-0; H,4:3%). The mixed m. p. with synthetic 2’ : 1’-naphtha- 
1 : 2-fluorenone (m. p. 210°) was 207—208°. Both specimens gave an intense permanganate 
purple solution in concentrated sulphuric acid, the colour soon changing to carmine-red. 

Reduction of Purified Picylene Ketone.—A suspension of the ketone (100 mg.) in 50% 
hydrazine hydrate (2 c.c.) was heated in a sealed tube at 220—240° for 9 hours. The product, 
obtained in good yield, was recrystallised twice from benzene and then formed colourless leaflets, 
m. p. 335° (Found: C, 94-7; H, 5-5. C,,H,, requires C, 94-7; H, 5-3%). The m. p. was 
not depressed by synthetic 2’ : 1’-naphtha-1 : 2-fluorene, m. p. 338—339°, and the identification 
was completed by preparation of the 2: 7-dinitroanthraquinone complex, m. p. 253—255° 
alone or mixed with a synthetic specimen. 

Fusion of Picylene Ketone with Potash.—The purified ketone (100 mg.) was added to potassium 
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hydroxide (2 g.) at 240°, and the melt stirred at 240—250° for 4 hour. The resulting some- 
what resinous mixture of acids was dissolved in aqueous acetic acid. The solution slowly 
deposited 25 mg. of crystal nodules, which, after recrystallisation from benzene, formed colour- 
less, microscopic, elongated plates, m. p. 207—209°, and gave with sulphuric acid the colour 
changes characteristic of 2’: 1’-naphtha-1: 2-fluorenone. Bamberger and Chattaway give 
m. p. 201° (uncorr.) for picenic acid. The acid recovered from the acetic acid mpther-liquors 
was recyclised by 3 hours’ heating at 100° with 80% sulphuric acid. The resufting ketone, 
crystallised from acetic acid, had m. p. 205—206°, not depressed by picylene ketone. There 
was no evidence of the formation in this series of changes of the isomeric 1’ : 2’-naphtha-2 : 3- 
fluorenone (Cook ¢ al., J., 1935, 1324) which might arise as an alternative. 


The author expresses his thanks to Dr. G. S. Whitby and Dr. G. D. Parkes for their good 
offices in recovering Dr. Chattaway’s picylene ketone from his collection of specimens. 


INSTITUTE OF CHEMISTRY, UNIVERSITY OF GLASGOW. [Received, July 17th, 1941.] 





NOTE. 


6-Bromo-2-methoxy-l-naphthoic Acid. By FRANK L WaRREN, MuniR GINpDy, and Fawzy 
GHALI BADDAR. 


THE preparation of 2-methoxy-l-naphthoic acid by the oxidation of 2-methoxy-1l-naphth- 
aldehyde with hydrogen peroxide or alkaline potassium permanganate (Rousset, Bull. Soc. 
chim., 1896, 17, 311) gave a very poor yield. The yield was increased when the oxidation 
with potassium permanganate was carried out in acetone solution. Bromination of the 
2-methoxy-1-naphthoic acid in acetic acid solution gave mainly 1-bromo-2-methoxynaphthalene. 
This must be due to decarboxylation prior to bromination, since the same product was obtained 
by the action of bromine on 2-naphthyl methyl ether (cf. Davis, J., 1900, 77, 38). The acid, 
therefore, was esterified, before bromination, with diazomethane, the yield being quantitative. 
The ester gave on bromination methyl 6-bromo-2-methoxy-1-naphthoate. The position of the 
bromine atom was determined by hydrolysing the bromination product to the free acid, which 
on decarboxylation with copper and quinoline gave a mixture of 6-bromo-2-naphthol and 
6-bromo-2-methoxynaphthalene. 

2-Methoxy-1-naphthoic Acid.—2-Methoxy-l-naphthaldehyde (35 g.; 1 mol.) was dissolved 
in acetone (400 c.c.) and mixed with sodium carbonate solution (20 g. in 100 c.c. of water), 


_ and potassium permanganate (30 g.; 1 mol.) slowly added at intervals. The excess of per- 


manganate was destroyed with hydrogen peroxide, the solution filtered, and the manganese 
dioxide washed with a mixture of sodium carbonate solution and acetone. Acetone was 
removed, and the solution filtered from the unchanged material (2—3 g.). The acid crystallised 
from alcohol or benzene in colourless prisms, m. p. 176—177°. Rousset (loc. cit.) and Fuson, 
Farlow, and Stehman (J. Amer. Chem. Soc., 1931, 58, 4102) record m. p. 176°, whereas Froelicher 
and Cohen (J., 1922, 121, 1657) give m. p. 133—134°. Yield, 26 g., i.e., 68%. 

Methyl 2-Methoxy-1-naphthoate.-—The dry powdered acid (25 g.; 1 mol.) was slowly added 
to an ethereal solution of diazomethane (13 g.; 2-5 mols.), and the product was worked up 
in the usual way. The oily ester solidified on standing and then crystallised from ethyl or 
methyl alcohol in colourless prisms, m. p. 52—53°. Werner and Seybold (Ber., 1904, 37, 3661) 
give m. p. 52°. Yield, 85%. 

Methyl 6-Bromo-2-methoxy-1-naphthoate.—Methyl 2-methoxy-l-naphthoate (10 g.; 1 mol.) 
was dissolved in acetic acid (75 c.c.), and the bromine solution (7-4 g., 1 mol., in 25 c.c. of 
acetic acid) added slowly while shaking. The solution, after being left for 5 hours in sunlight, 
was diluted with ice-cold water. The precipitate, repeatedly crystallised from dilute alcohol, 
gave methyl 6-bromo-2-methoxy-1-naphthoate in colourless leaflets, m. p. 112-5° (Found: C, 52-7; 
H, 3-7. C,3H,,0,Br requires C, 52-9; H, 3-7%). Yield, 37%. 

6-Bromo-2-methoxy-1-naphthoic Acid.—The ester (6 g.) was refluxed with alcoholic sodium 
hydroxide (20 g. in 80 c.c. of 60% alcohol) for 1 hour. The precipitated acid, crystallised 
from benzene, gave 6-bromo-2-methoxy-1-naphthoic acid in colourless needles, m. p. 176—177° 
(Found: C, 51:3; H, 3-1; Br, 28-5. C,,H,O,Br requires C, 51-2; H, 3-2; Br, 285%). Yield, 
nearly quantitative. 

Decarboxylation of 6-Bromo-2-methoxy-1-naphthoic Acid.—A mixture of the acid (5-7 g.), 
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quinoline (10 c.c.), and copper bronze (1-2 g.) was refluxed for 10 minutes and then extracted 
with benzene. The extract was washed with hydrochloric acid, and then with sodium hydroxide 
solution to remove phenolic substances. The phenolic product, repeatedly crystallised from 
benzene-light petroleum (b. p. 60—70°), gave 6-bromo-2-naphthol in colourless prismatic 
needles, m. p. 128°, undepressed on admixture with an authentic specimen (Found: Br, 36-2. 
Calc. for CyH,OBr: Br, 358%). The benzene solution was evaporated, and the residue 
extracted wfth light petroleum (b. p. 30—50°). The product, crystallised from methyl alcohol, 
gave 6-bromo-2-methoxynaphthalene in colourless needles, m. p. 108°, not depressed by an 
authentic specimen (Found : C, 56-0; H, 4-0; Br, 33-8. Calc. forC,,H,OBr: C, 55-7; H, 3-8; 
Br, 33-7%). 

1-Bromo-2-methoxynaphthalene was prepared by the bromination of 2-naphthyl methyl 
ether in glacial acetic acid solution (cf. Davis, loc. cit.). The product crystallised from light 
petroleum (b. p. 60—70°) in plates, m. p. 83—84°, identical with that of an authentic specimen.— 
Fovap I UNIVERsITy, ABBASSIA, CAIRO, EGypt. [Received, August 5th, 1941.] 



















































Obituary Notices. 


OBITUARY NOTICES. 


JAMES BELL. 
1899—1941. 


James BELL, Sc.D., M.D., Fellow of Trinity College, Dublin, died at the height of his 
powers on January 23rd, 1941, after an illness contracted while on service with the Irish 
Army. 

Born 42 years ago in Belfast, he was the son of a remarkable father, who, in the leisure 
hours permitted by hard work in the Belfast shipyards, became one of the foremost 
geologists in the British Isles. James Bell received his early education at the Royal 
Academical Institution, Belfast, and entered Trinity College, Dublin, in 1916. There he 
graduated with high distinction in Experimental Science and Mathematics in 1920, and 
served as Demonstrator and Lecturer in the Department of Chemistry of his own University 
for seven years. In 1927 he was appointed to a Lectureship in Biophysics. 

Although this appointment involved the transfer of most of his activities to the Depart- 
ment of Physiology, he continued to be keenly interested in Chemistry, and lectured to 
the end of his career on aspects of Physical Chemistry related to Physiology. 

Bell published a number of communications dealing with guanidine and dicyanodiamide 
in this Journal, but his later research work dealt mainly with medical subjects, such as 
the hydrodynamics of the circulation in relation to arterial disease. 

In 1935 Bell was elected a Fellow and Tutor of Trinity College, and for a short five 
years held a position of especial importance and usefulness. Never was there a more 
popular, more efficient, more critical, or kinder Tutor. The students who came under his 
influence will remember him with gratitude to the end of their days, for their interests 
were his chief concern, and he cheerfully sacrificed his comfort and convenience, and 
perhaps his health, to serve them. He was brought into contact with large numbers of 
students in another way also, for he played an important part in the formation of a Volunteer 
Sluagh (the equivalent of an O.T.C.) in the College, and was himself the first Volunteer of 
a University Sluagh to receive a Commission in the Irish Army. 

To the writer, and many of his other colleagues, Bell was a tower of strength. To him 
one never turned in vain for advice or help, nor did he ever make a promise which he did 
not most faithfully fulfil. 

He took a deep interest in the Student Christian Movement, filling for many years 
the office of President of the Dublin University branch of the S.C.M., and played a leading 
part in the work of the Presbyterian Church in Dublin. 

He was very interested in the Institute of Chemistry, of which he was a Fellow, and 
was Honorary Treasurer of the Dublin Section from 1928 to 1940. 

He became a Fellow of the Chemical Society in 1922. 
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SIR GILBERT MORGAN. 
1870—1940. 


THE death of Sir Gilbert Morgan at Richmond on February Ist, 1940, has removed from 
our Science a remarkable personality. “‘ Life achieves its summit when it does to the 
uttermost that which it was equipped to do.” In his chosen line Sir Gilbert reached the 
highest point attainable. He lived to the full the life he wished to live and served without 
deviation the standards which he set before himself. 

Gilbert Thomas Morgan was born on October 20th, 1870, his father being Welsh and 
his mother French-Swiss. His early years were spent at Essendon in Hertfordshire and 
here was fostered an appreciation of country things which he retained throughout his 
life. He was never-ashamed of the filial and family pieties that our Time tends to dis- 
parage and weaken. In later years, in spite of the great and increasing demands made 
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upon him, he visited with regularity his aged and blind father who still resided at Essendon 
and from whom he undoubtedly derived a full measure of characteristic Celtic enthusiasm 
and imagination. 

Morgan was educated at the Central Foundation School, Cowper Street, in the City 
of London, and in 1886 entered the Finsbury Technical College, which had been established 
in 1878 by the City and Guilds of London to teach science with a practical bias. The 
training which Morgan received here during the formative years profoundly influenced his 
scientific outlook. It could not be otherwise. At Finsbury at that time was the some- 
what shy and versatile Professor—Raphael Meldola, who was assisted by that gifted 
teacher of organic chemistry, Frederick William Streatfeild and by J. Castell-Evans—a 
striking figure and personality—responsible for the teaching of inorganic chemistry. How 
well these men moulded the splendid material which came into their hands is reflected in 
the careers of the many distinguished Finsbury men. A very important factor in the 
success of the Finsbury training was not only the kind of instruction given but the early 
emphasis laid upon the practical applications of much of the work done. This made an 
abiding impression on Morgan, who always had a pronounced sense of practical values. 
Further, as the Finsbury training engendered self-reliance and evoked a spirit of enquiry 
and enterprise, the environment must have been particularly congenial to a student of 
Morgan’s calibre. The great interest which Morgan always displayed in the rare earths 
goes back to this period, for under the guidance of Castell-Evans he spent an Easter vacation 
isolating ceria from the mineral cerite. He records that “ this practical exercise imbued 
me with an attraction for the rare earths which I was able to cultivate further in later 
years.” His first introduction to research took place at Finsbury in the private laboratory 
of Professor R. Meldola, F.R.S., and one of the topics they studied was the action of con- 
centrated nitric acid on azonaphthols and their ethyl derivatives. They found that the 
concentrated acid ruptured the azo-linking, regenerating the diazonium salt; the naphthol 
residue became nitrated. This work was carried out in 1889. In 1905 a German chemist, 
O. Schmidt, took up this nitric acid treatment of azo-compounds and developed a process 
for diagnosing azo-dyes which is sometimes known as Schmidt’s method. 

At the end of his College career Morgan secured a post under Mr. Robert Holliday, 
the youngest son of Read Holliday, the founder of the well-known firm of colour-makers 
at Huddersfield. Here he was confronted with problems in both organic and inorganic 
chemistry, but amongst all the investigations that he undertook, one in particular made 
an indelible impression. Morgan was deputed to find out whether a new colour-inter- 
mediate could be prepared by the condensation of formaldehyde and phenol. A con- 
densation product was obtained, but as it refused to yield dyes it ceased to be of any further 
interest to his employers. However, it was set aside and gradually solidified to a clear 
amber resin. Forty-six years later, in an address to the Society of Chemical Industry, 
Morgan made the very human confession: “I often think of the contents of that bottle 
which contained the potentialities of fortune, although we did not perceive it at the time.” 
Baekeland’s patents, it will be recalled, dated from about 1906. It was during this period 
at Read Holliday’s that Morgan first developed a keen interest in autoclaves and chemical 
reactions carried out at high pressures. He relates how he borrowed from a colleague a 
laboratory autoclave in order to hydrolyse «-naphthonitrile with alkali under pressure. The 
ammonia generated in the process attacked the copper gauge, ultimately perforating it 
and rendering it useless. After this experience, the study of autoclaves seemed worth 
while. ' 

In 1894 Morgan took a bold decision. He decided, with some reluctance, to give up 
his industrial career and resume his scientific studies. With this end in view he secured 
a Royal Scholarship and entered the Royal College of Science, London, where he was 
destined to spend many happy and successful years first as student, later as demonstrator, 
lecturer and finally assistant-professor. In view of his exceptional chemical attainments 
he did not follow the usual course of study but was soon assisting Professor William A. 
Tilden, F.R.S., with various research projects. In 1896 he graduated B.Sc. (London) 
with first-class honours in chemistry. and gained the Frank Hatton Prize of the College, 
where he continued as a demonstrator and research worker. Morgan now began with 
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characteristic energy and success a programme of research work which during the ensuing 
years covered such a wide field. His first step was to resume certain investigations which 
had aroused his interest at Read Holliday’s, viz., condensation of aldehydes and aromatic 
amines and studies of aromatic compounds containing nitrogen. In conjunction with 
several co-workers, especially Miss F. M. G. Micklethwait, he published a series of papers, 
several of which dealt with diazonium compounds and non-aromatic diazonium salts. 
Morgan’s interest was also aroused at this period by the residual affinity of coumarin in 
forming salts with inorganic acids and further by the organic derivatives of phosphorus, 
arsenic, and antimony. Incidentally some of the work on organic antimonials, at a later 
date, proved to be of interest to the Chemical Warfare Committee. 

It is important to emphasise that Morgan’s zeal for research never interfered with the 
conscientious discharge of a most congenial duty—the teaching of his students. Morgan 
enjoyed lecturing and took the greatest care in the preparation of his lectures. He spoke 
with easy, natural fluency, and the encyclopedic range of his knowledge in both inorganic 
and organic chemistry made his teaching both thorough and stimulating. He had a firm 
belief in the value of numerous and even elaborate lecture experiments. Nothing gave 
him greater pleasure than to see on his lecture table a display of beautiful specimens and 
to be able to illustrate his lecture by some particularly striking experiments. 

During his association with the Royal College, Morgan was a very keen supporter of 
the Students’ Chemical Society, at which senior students and others contributed scientific 
papers. He considered that participation in such activities was a most valuable part 
of the training of a chemist. 

This important period in Morgan’s career terminated in 1912 when he took up a Pro- 
fessorship in the Faculty of Applied Chemistry in the Royal College of Science for Ireland. 
He retained this appointment till 1915 and after a short time at British Dyestuffs Ltd. 
succeeded his former teacher, Meldola, as Professor of Chemistry at Finsbury Technical 
College, where he remained till 1919. During the war years his publications were necessarily 
restricted, as he was engaged on work of national importance. His advice meanwhile 
was at the disposal of others and those associated with him during the years of the Great 
War have recorded their gratitude to him for his ever ready help and wise counsel. 

In 1919 Morgan became Mason Professor of Chemistry in the University of Birmingham 
in succession to Professor P. F. Frankland, F.R.S. Morgan recalled with particular 
pleasure that his old teacher, Professor Sir William A. Tilden, had held the Chair of Chemistry 
in the Mason College, Birmingham, from 1880 to 1894 before he took up his Professorship 
at the Royal College of Science, London. The new professor entered on his duties with 
his usual enthusiasm and attacked with relish the many problems confronting him. His 
first task was to re-equip the chemical laboratories. During the Great War the recently- 
built laboratories at Edgbaston had passed into the hands of the Army Medical Services 
and had been more or less devastated by their military occupants. In August, 1919, 
these modern laboratories again became available for University purposes, and thanks 
to the energy of the professor and his staff were ready to receive students at the begirfning 
of the session. The University authorities at this time had adopted the bold policy of 
accepting ex-Service students from all parts of the country, with the result that every 
department was crowded with undergraduates far in excess of the annual entry of pre- 
war years. Morgan fully recognised that the duty of instructing these new students, 
many with meritorious war records, constituted a first call on the time and energies of 
the teaching staff. He did not forget, however, that ‘‘ the true purpose of a University 
is to communicate to the minds of the young generation not only science in the state of 
completeness but also science in the state of growth,” and to this end the provision of re- 
search facilities was vital. Research had always played an outstanding réle in the activities 
of the Department of Chemistry at Birmingham, and Morgan determined that during his 
Directorship this tradition should be fully maintained. Although the teaching demands 
were heavy and engrossing, there was a spirit of renascence in the air and very soon original 
investigations were proceeding in all the overcrowded laboratories, side by side with more 
elementary studies. The initiation of an active research school was made possible by 
two groups of research workers who had accompanied Morgan from Finsbury and con- 
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. stituted the nucleus of his research team. One of these groups was maintained by the 
British Dyestuffs Corporation, the directorship of which at that time kept research colonies 
of chemists-in-training at University centres. These post-graduate students, who were 
engaged on the study of coal-tar intermediates and synthetic dyes, were valuable auxiliaries 
in the work of restoration of.research activities. The other research group was made 
possible by the generosity of the Department of Scientific and Industrial Research, which 
had been formed during the Great War by the Government to make good the deplorable 
deficiency in our national facilities for fundamental investigations in pure and applied 
science. Out of this co-operation with the D.S.I.R. came the noteworthy researches on 
chelate co-ordination compounds carried out in collaboration with Dr. J. D. Main-Smith, 
and the important investigations on organic derivatives of selenium and tellurium in which 
Morgan had the assistance of Dr. H. D. K. Drew. At this period Morgan devoted con- 
siderable attention to an experimental study of Werner’ s co-ordination theory of valency 
and chemical constitution. 

In a comparatively short time Morgan had established a vigorous research school 
and he was enjoying to the full his teaching and his contacts with chemists in the Midland 
Area. He had gained in full measure the respect and affection of his staff by the confidence 
he freely reposed in them and by the freedom with which he invited and received their 
suggestions. Staff and students alike felt that to have worked with him was an experience 
to which they would always look back with gratitude. It was therefore with very mixed 
feelings that those associated with him at Birmingham learned that he had resigned his 
Chair in 1925 and had been appointed Superintendent of the new Chemical Research 
Laboratory of the Department of Scientific and Industrial Research. So began what 
Morgan himself described as a State experiment in Chemical Research and was destined to 
be the crown of his scientific career. He was admirably fitted for this important post 
by his manifold chemical interests, his great energy and his ripe administrative experience. 

The origin of the Chemical Research Laboratory is interesting. The work of the 
D.S.I.R. began in 1915, and during the next ten years the Department had become as- 
sociated with certain chemical investigations which were carried out by groups of workers 
frequently located in widely separated laboratories. It was decided that some economy 
and increased efficiency could be realised by concentrating these research activities in a 
centralised laboratory. In furtherance of this idea a suitable site: was chosen on the 
Bushey Park Estate near the National Physical Laboratory, and in 1924 the building 
of the Chemical Research Laboratory began. The duty of advising the D.S.I.R. as to 
the programme of work to be undertaken was delegated to a Chemistry Research Board, 
which also exercised general supervision over its execution. At the outset executive 
control was vested in Sir Richard Threlfall, F.R.S., as a part-time Director of Research, 
and Morgan as whole-time Superintendent, but from 1927 onwards this responsibility 
devolved on Morgan as whole-time Director of Research. The fascinating story of this 
great venture was told by Morgan in the address he gave to the British Association at 
Bristol in 1930, when he was President of Section B. In this address he emphasised that 
a valuable function of the Chemical Research Laboratory is to provide competent and 
enterprising investigators with favourable opportunities for developing their inventive 
talent in work of national importance. That the laboratory fully discharged this function 
during Morgan’s directorship is clear from the variety and range of researches which were 
undertaken. Investigations prosecuted with signal success included work on synthetic 
resins, low-temperature tar, high-pressure reactions, corrosion of metals, chemotherapy 
and water-pollution. In addition, a limited amount of research in pure chemistry was 
always in progréss, and here again the results obtained were of great value. No one 
privileged to pay a visit to this research centre will forget the obvious pleasure it gave 
to the Director to act as guide and to outline, with characteristic enthusiasm, the various 
researches which were in progress. Morgan was justly proud of the Chemical Research 
Laboratory and visitors left it with a feeling of profound admiration for what had been 
achieved. When Morgan resigned his Chair at Birmingham to take up his new post at 
Teddington, certain doubts lingered in his mind as to the wisdom of his action. In later 
years he was fully convinced that his decision had been the right one, for he had been 





















[1941] Obituary Notices. 693 
given unique opportunities of undertaking investigations which it would have been im- 
possible to embark on in an academic post. No one could have been better fitted for the 
Directorship of the Research Laboratory at the particular stage of its growth, when it 
was winning the confidence of chemists and finding its way to public recognition. Now 
it is an established institution; then it was on its‘trial. As Director of the Research 
Laboratory, Morgan found full scope for his generosity of character, his optimism, his 
courage and his resource. He carried aloft a torch kindled from chemists of a great past. 
If others have kindled it from him and sustain it for the next generation, that service alone 
will entitle him to a high place amongst his contemporaries. When Morgan retired in 
1938, this laboratory had won an important place amongst our national scientific institu- 
tions and for this fine achievement Morgan was primarily responsible. He was too active 
to contemplate retirement and he accepted an invitation to become Chairman of the 
Research Fund Committee of the Institute of Brewing. The Institute was very fortunate 
in securing his services. He entered upon his new duties with customary zeal and soon 
identified himself with this great industry by seeking the society of brewers, maltsters, 
hop-growers and others interested in brewing research. His primary task was to determine 
the relative importance of the different branches of the Research Scheme of the Institute 
of Brewing, to assess the value of the work already done, and to mould future policy so 
that the maximum benefit might accrue to the brewing industry. His ideas on these 
matters were outlined in an address which was published in the Journal of the Institute 
of Brewing after his death, and one realises*the valuable results which would have been 
obtained for the brewing industry if he had been spared to carry on his work. 

Morgan brought many useful weapons to the battle of life—a singularly retentive 
memory, keen appreciation of the point at issue, considerable powers of organisation, and 
love of work. Yet to the many who knew him and admired hitn as a chemist and loved 
him as a man, the characteristic that was perhaps outstanding was his tireless energy. 
It was almost impossible to imagine Morgan as really idle. Above all, the impression 
always remains of an immensely industrious being who never spared himself. At the 
Royal College of Science after a day’s teaching he would continue with his research work 
till the small hours of the morning, and at Birmingham and Teddington his working day 
was always a very long one. He was never bored or at a loss for an occupation and his 
well-stocked mind and phenomenal memory made his conversation stimulating and worthy 
of recollection. He was intensely interested in his fellow-men and much could be written 
of his clubbable qualities—his gift of friendship, his gaiety, his enjoyment of hospitality. 
A good companion indeed of whom every memory amongst his friends must always be 
happy and affectionate. Yet he was a reticent person. A trivial fact shows this. An 
old friend, on close terms of intimacy for many years, was never informed by Morgan of 
his marriage. Amongst his finest attributes were his warmth of heart and ready sympathy. 
In a letter to The Times after his death a correspondent revealed that Morgan had made 
himself responsible for the cost of insulin treatment for one of his less fortunate neighbours 
at Essendon. Always the most approachable of men, he retained to the end that youthful 
gaiety of spirit which endeared him alike to young and old. He was always particularly 
happy in the company of young people. Many of his former students at Birmingham 
will recall with what regularity and keenness he attended the weekly dancing class held by 
his research and senior students. He was always deeply concerned for the welfare of his 
students, and this found expression in a letter which he sent to the Press in 1924 at a time 
of serious trade depression. It is a characteristic and revealing contribution. 





“ To the Editor of the ‘ Birmingham Post.’ 

“Sir, The ample news-sheets of the ‘ Post’ are to-day swollen to an extraordinary 
extent, like a river in full spate, by the inclusion of the degree lists of Birmingham Uni- 
versity. Those of us who have had the training of these graduates, who know them 
personally, and have some parental solicitude for their future careers, regard these lengthy 
lists with mixed feelings, realising that the next essential step is the employment of all 
this scholarship and scientific training in the service of the community. 

“ Apart from recommendations to many teaching appointments, I have during the last 
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four years assisted in placing some seventy chemical graduates in industrial posts. The 
geographical distribution of these positions is, however, curious and intriguing. In the 
majority of cases these appointments are outside the Birmingham area. A chemical 
graduate, like the prophet of old, is not without honour save in his own country. Yet it 
seems to me that many local industries, being largely based on chemical principles, would 
profit from the co-operation of fresh young minds chemically trained, and many of them 
sharpened by research experience. Nevertheless, the very existence of these students is 
seemingly ignored by the local community except during one day in the year, when they 
force themselves on the attention of the public. 

“In this connection I would suggest the following sum in double rule of three to the 
consideration of Birmingham Rotarians and other influential directors of local industries. 
If a thousand students playing the fool in a hospital carnival for one day can extract 
£3,000 from the general public, how much would be earned by one student working seriously 
at a scientific job for a whole year? The answer will vary somewhat with the complexity 
of the industry and with the facilities offered, but my general solution of the above sum, 
based on experience mainly gained in other districts, is that a well-trained young chemist 
will earn his salary (which is usually not princely at the outset) plus a reasonable profit 
for his employer. 

“The above-mentioned graduates who have gained employment outside the Midlands 
have presumably given this form of satisfaction, for they retain their jobs. London— 
that Minotaur of the Thames—has swallowéd many of our chemical Erics and Ericas, 
and hard-headed employers in Lancashire and Yorkshire have given to several others the 
opportunity of their lives. 

“From time to time I am requested to give expert advice to local manufacturers 
wishing to make a new chemical product or to improve an existing process, but owing to 
the pressure of multifarious duties I have but little time and energy left to devote to such 
problems. To these enquirers I would suggest a better and more efficacious way—namely, 
to enlist the whole time services of a chemical graduate, to give him ‘reasonable facilities 
for working out the problem, and not to be too disappointed at the slow rate of progress 
during the first year. The astute directors of one London firm of world-wide reputation 
have found that a chemical research laboratory staffed almost exclusively with Birmingham 
graduates saves them annually many thousands of pounds in their contracts for new 
materials. 

“In advocating the claims of our scientific graduates I have restricted my remarks 
to chemistry as being the only science on which I can write authoritatively, but obviously 
a similar plea could be made out in regard to the utilisation of students trained in other 
branches of learning. 

G. T. Morean, F.R.S. 
Chemical Department, The University, 
Edgbaston, July 3.” 


Any account of Morgan’s life would be incomplete which does not emphasise his wit 
‘and humour. As a companion he was vivacious and ever ready to enjoy a good story. 

He could always see the humour of a situation but his fun was never malicious. Lectur- 
ing on the Periodic Table he could not resist the temptation to tell his students to “ think 
periodically.” A very talkative colleague who was proud of the fact that he had none 
of the common vices was dubbed by Morgan “ an inert gas.” There is, however, no need 
to recall such things, for memories of his laughter, wit, and sense of comedy come quick 
and relentless. He was a “ fellow of infinite jest’ and his friends will remember with 
affection his vivid personality. 

Morgan was devoted to the Chemical Society and he served it well. He maintained 
that the Chemical Society merited the support of all members of the profession, for it 
had played the chief part in spreading chemical knowledge amongst British chemists and 
in securing general recognition for Chemistry throughout the Empire. He deplored the 
fact that much that the Society had accomplished in these directions had been under- 
valued by the rising generation, “ who did not realise that with truly maternal instinct 
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the mother-society had placed her resources freely at the disposal of the daughter societies.” 
Throughout his life Morgan was a regular attender at the meetings of the Society and he 
was particularly gratified if he could take part in some vigorous discussion after the reading 
of a scientific communication. For some years he was Editor of the Journal, and from 
1910—1912 acted as an Honorary Secretary. On several occasions he served as a Vice- 
President and in 1933 he was elected President. His selection for the Presidency gave 
him great satisfaction, for he was proud to be included on the roll of distinguished chemists 
who have held that high office. Other chemical organisations also claimed his interest. 
In the affairs of the Society of Chemical Industry he took a leading part and was a Past 
President. He received the Medal of the Society of Chemical Industry in 1939 and on 
this occasion delivered his address on ‘‘ Personal Reminiscences of Chemical Research ”’ 
which concluded with the passage: ‘“‘ This outline of experiments still in progress brings 
to a close my reminiscences of 50 years of chemical research. . . . It has been a most 
interesting and engrossing pursuit, not so very long when I now look backward, but rather 
like a watch in the night. There is still much to be done which I shall never do. But 
sooner or later a summation must be made and it now seems to me that my part in these 
enterprises has been mainly catalytic. At times I may have been able to direct such 
chemical investigations into specific channels, but on the whole much has been left to the 
goodwill and enterprise of many co-workers to whom I now desire to express my warmest 
gratitude and thanks.” 

Morgan’s attachment to the Institute of Chemistry began in 1897 when he was elected 
to the Associateship, one of his examiners being Professor P. F. Frankland, F.R.S., his 
predecessor in the Chair at Birmingham. He became a Fellow in 1901 and later served 
as a Vice-President and as a Censor. Morgan took a very keen interest in the scheme for 
the award of National Certificates in Chemistry conducted under the Joint Committee 
of the Board of Education and the Institute of Chemistry. He acted as Chief Assessor 
from the inauguration of the scheme in 1921 until his death and contributed greatly to 
its success. He was Chairman of the Bureau of Chemical and Physiological Abstracts 
and during his tenure of that office devoted himself with great success to making these 
abstracts worthy of British Chemistry. It will be apparent that to few men was the cause 
of Chemistry nearer the heart than to Morgan. He was ever ready to take over responsible 
and arduous duties and the spirit in which he worked is an inspiring example. An eminent 
statesman has said that there is only one form of congratulation in this world worth any- 
thing, and that is the expression of good will and the expression from your own peers that 
you have tried to do your duty. Morgan received this in full measure. As a member of 
the Council of the Chemical Society he was always ready to make his contribution to its 
proceedings and he had very definite opinions on matters of policy. He cared passionately 
for causes, but it cannot be contended that he enjoyed the battle itself. Generally he was 
the patriotic warrior prepared to go into battle when wanted, but at heart a lover of peace. 
Actually he was no politician but a bundle of generous enthusiasms. 

Morgan gave much thought to the question of how our main chemical associations 
could effect economies in administration and provide a more comprehensive service of 
chemical publications. He considered that the co-operation of the three Chartered 
Bodies—the Chemical Society, the Society of Chemical Industry, and the Institute of 
Chemistry—if adopted, would represent only a very small advance. In Morgan’s view 
it would be impossible for long to keep the scientific and professional aspects of chemical 
organisation in water-tight compartments and he affirmed that already the lines of demarc- 
ation were becoming obliterated. His solution was a unified Society of Chemistry. How- 
ever, he appreciated full well that the extent to which one all-embracing society could 
legislate for both the scientific and the professional needs of chemists was a knotty problem 
in any comprehensive scheme of reunion. 

Over a period of some fifty years Morgan published alone or in collaboration 350 
scientific communications. The subjects which he dealt with cover a very wide field, 
for he chose to disperse his interests rather than to concentrate them in one direction. 
It was a choice which gave him a scientific life full of variety and perhaps richer in pleasure 
than a more austere career could have been. Although he was fascinated by applied 
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science, it never weakened his allegiance to pure science. He rightly maintained that 
applied science would fade and die unless the pursuit of knowledge was honoured in this 
country as the highest of human aims. To do full justice to the immense contributions 
which Morgan made to chemistry would require a much lengthier notice than is permissible 
here. Fortunately Morgan himself has dealt in detail with his chemical investigations 
in the address: . “ Personal Reminiscences of Chemical Research,’ which he delivered 
before the Society of Chemical Industry on July 11th, 1939. His selection of topics gives 
some idea of the range and importance of his researches. He discusses autoclaves, high- 
pressure reactions, chemotherapy, tar research, residual affinity and co-ordination, selenium 
and tellurium derivatives, noa-aromatic diazonium salts and a general reaction in diazo- 
chemistry. Although his contributions to these various chapters of chemistry are of 
definite significance, it is perhaps true to say that his name will always be specially associated 
. with advances in the chemistry of co-ordination compounds. He hada profound admiration 
for the genius of Alfred Werner, and this is readily discernible in the obituary notice which 
Morgan wrote for the Journal of the Chemical Society. Over many years, in the course 
of his investigations, Morgan accumulated a wealth of experimental data on co-ordination 
compounds. The particular value of those data was that they could be used to test the 
truth of the principles of valency and molecular constitution which were being laid down 
during the same period. As Sidgwick has very pertinently stated: ‘‘ A theory of valency 
can only be justified by showing that it is applicable to chemistry as a whole: it is not 
enough that isolated examples can be quoted in its defence.” Incidentally Morgan intro- 
duced the very convenient term “chelate,” now so widely used for rings containing co- 
ordinated links. Amongst the problems which interested Werner was the close analogy 
between the lakes of mordant dyes and the metallic derivatives of $-diketones and he 
expounded the view that mordant dyes were internal metallic complexes. After Werner’s 
death, Morgan and Main-Smith began an examination of this idea and, selecting -repre- 
sentative dyes, showed that any acidic substance capable of forming a colour lake must 
contain a chelate group capable of combining co-ordinatively with the metallic mordant. 
In every case examined the resulting lake proved to be an internal metallic complex. 
Morgan was always greatly intrigued by the chelate group acetylacetone, which enters 
into combination with the majority of metallic and metalloidal elements and even with 
certain non-metals. With H. W. Moss, he prepared and examined scandium acetyl- 
acetonate and in collaboration with H. D. K. Drew isolated the acetylacetonates of gallium 
and germanium. Morgan was very fond of quoting a remark by Sir William Crookes, 
who, on hearing that scandium acetylacetonate could be distilled without decomposition 
under reduced pressure, declared that acetylacetone had “ given wings to the metals.” 
The contribution which Morgan made to the stereochemistry of co-ordination compounds 
is a very important one. With F. H. Burstall he resolved 6-covalent nickel and thereby 
solved an outstanding problem. Again, his work with the polypyridyls as chelate groups 


has raised new stereochemical problems of great interest. Morgan was always fully alive 


to the contributions which physics could make to the solution of chemical problems. 
He was particularly interested in the application of X-ray methods to the solution of 
structural problems in both inorganic and organic chemistry. 

- In 1923 he published with Sir William Bragg a communication on the structure of that 
curious compound, basic beryllium acetate, and was associated with Dr. Astbury in a 
paper on the structure and isotrimorphism of the tervalent metallic acetylacetonates. 
The so-called rarer elements had a definite fascination for Morgan and he selected as the 
subject for his-Presidential Address to the Chemical Society in 1935 his researches on the 
rarer elements. In this address Morgan described these researches, carried out in associ- 
ation with H. D. K. Drew, on organic derivatives of selenium and tellurium which resulted 
in the discovery of several entirely new groups of organo-metalloidal derivatives. One 
series of these tellurium compounds possessed exceptional germicidal properties in aqueous 
solution, but unfortunately they were somewhat poisonous and their bactericidal potency 
was greatly diminished in serum. Here it is worth recording that Morgan found the 
relationship between chemical structure and bactericidal activity a subject of particular 
fascination. Morgan’s great interest in practical problems is reflected in this Presidential 
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Address when he discusses the possibility of extracting germanium and gallium from 
Northumberland coal ash and describes a method for winning rhenium from Australian 
molybdenite. 

Throughout his life Morgan was irresistibly attracted by the chemistry of dyes. Few 

men had such an intimate knowledge of the history of the dyestuffs industry, and the 
revival of this industry in the post-war years gave him great satisfaction. He was a 
member of the Dyestuffs Licensing Committee and in that capacity rendered signal service 
to the industry. In 1921 he was awarded the Gold Medal of the Worshipful Company 
of Dyers, of which later he was a liveryman. Morgan joined the Company in 1923 and 
his seniority would have led to his election on the Court in the near future. To this he 
was looking forward not only because of his interest in the ancient Charter and Constitution, 
but also because the Company is very closely associated with the great dyestuffs and 
dyeing industries. 
. During a long life of service to chemistry many honours came to Morgan. He was 
elected F.R.S. in 1915 and received the Honorary Degrees of the Universities of Dublin, 
Birmingham, and St. Andrews. Amongst many other distinctions, he was a Fellow of 
the City and Guilds of London Institute, an Honorary Associate of the Manchester College 
of Technology, and an Honorary Member of the Society of Public Analysts. Morgari was 
an Associate Member of the Chemical Warfare Committee during 1914—1918, and in 
January, 1920, was appointed an O.B.E. in recognition of his services. In 1936 he achieved 
the honour of Knighthood for his services to science and the nation. 

Sir Gilbert Morgan started life with few advantages except his natural abilities. It 
was his natural ability, his industry, and his courage which made him from an early period 
of life map out a scheme for his life’s work. He was the architect of his own fortunes; 
he made his own friends and he qualified himself for his career by ceaseless study from 
early years. His scientific interests were exceptionally wide and he proceeded to make 
himself a master of every subject to which his keen mind was attracted. He was, it is 
true, exacting towards others, but he was not nearly so exacting towards others as he was 
towards himself. Morgan was one of that small but enviable band of men who compel 
other men to love them. And so today his friends think of him with wistful affection, 
as of one who has carried away with him some of their sunlight. He died as he would 
have desired, in harness, a harness put on himself in youth and worn triumphantly through 
a long life. 


W. WARDLAW. 





SIR WILLIAM J. POPE. 
1870—1939. 


WILLIAM JACKSON PopE, the eldest of eight children, was born at 89 New North Road, 
London, on March 3lst, 1870. His father, William Pope, was a native of Biggleswade 
who came to London in 1858, and in 1869 married Alice Hall of Prudhoe, Northumberland. 
Both parents were staunch and active members of the Wesleyan Methodist Connection 
and regular attendants at Wesley’s Chapel, City Road, of which William Pope was a 
Trustee for many years. He served also as one of the managers of the Radnor Street 
Schools attached to the City Road Circuit, and exercised considerable influence in directing 
its affairs. Serious though without the least austerity, the early home training was un- 
doubtedly a contribution towards the characteristic thoroughness which distinguished 
Pope in all his scientific work. 

In January, 1878, Pope entered the Central Foundation School, where he received a 
thorough grounding in subjects of great value to him in later life. His ability to learn 
quickly gave him leisure to pursue particular interests and at the age of 12 he had in his 


_ bedroom cupboard a collection of chemicals and simple apparatus with which he made 


experiments, delightful to the younger members of the family but not always viewed with 


favour by his seniors either at home or at school. One of the earliest X-ray photographs 
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taken in London was of his hands. This showed clearly a misshaped bone due to an 
unexpected explosion which terminated one of these experiments. 

Whilst at school Pope acquired great skill in the practice of photography. At that 
time the operator had to conduct all the processes of developing and printing, and the fact 
that a large number of his photographs more than 50 years old are still in perfect condition 
affords direct evidence of his complete dexterity in his youth. In later years he had less 
time to devote to the practical side of the work, though he followed with great interest 
the development of both aerial and colour photography. 

Pope had a natural aptitude for acquiring foreign languages, in which capacity he was 
of assistance to his father, who was interested in the manufacture of bricks in Belgium 
and their export to this country. He became proficient in both French and German 
whilst still in his teens and at the age of 15 was using a book of German mathematical 
tables, which was lying on his study desk at the time of his death. His fluent French 
and German proved invaluable in later years and singled him out to represent this country 
with significant success at international conferences called for the discussion of chemical 
theories and industries. 

He took no part in sport, a circumstance probably attributable to an eyesight defective 
from childhood, but he was a prodigious walker and particularly interested in matters 
relating to dogs and birds. He was a capable violinist and for many years played in an 
amateur orchestra. In later life his work afforded him little leisure for this recreation. 

He left school in August, 1885, having obtained full marks at the midsummer examin- 
ation in both Theoretical and Practical Chemistry and being recorded as specially dis- 
tinguished in “‘ Theory of Music”’. He was given an entrance scholarship at the Finsbury 
Technical College, where he worked till 1887 when he was awarded a Mitchell Scholarship 
tenable at the City and Guilds College, South Kensington. Here he at once attracted the 
attention of Armstrong, who, on Pope’s receiving the Associateship of the College, made 
him a member of his staff. In 1897 he was appointed as chief of the Chemistry Depart- 
ment of the Goldsmiths’ Company’s Institute at New Cross and was thus brought into 
contact with the Clerk of the Company, Mr. W. T. (later Sir Walter) Prideaux. The Gold- 
smiths’ Company over a long period of years has shown its practical interest in the advance- 
ment of Chemistry. In this connection it may be remembered that when in 1886 Long- 
staff offered £1,000 to the Chemical Society towards the establishment of a Research Fund 
provided others would make up a like amount, the Court of the Company forthwith con- 
tributed the whole sum required. Pope’s work at the Institute and his long association 
with the City and Guilds Colleges, which owe so much to the munificence and fostering 
care of the Goldsmiths, led ultimately to his being given the Freedom and Livery of the 
Company by special grant in 1919. Two years later he was elected a member of the Court 
and in 1928—29 served as Prime Warden. His collaboration then became most valuable 
in assuring that the large sums voted by the Company for technical education should be 
applied to the fullest advantage. Pope interested himself in all questions relating to 
gold and silver plate and to the Hall Marking laws. He presided at many meetings 
organised by the Company to consider matters affecting the manufacture of silver. At 
these discussions his wide knowledge of the industry and his unfailing tact helped greatly 
in securing agreement and in solving the difficulties which arose from time to time. In 
1922 the Company appointed him one of their representatives on the Council and the Execu- 
tive Committee of the City and Guilds Institute. Ten years later he accepted the Chair- 
manship of the Council, a position he occupied with great distinction till his death. 

Pope was appointed head of the Chemistry Department of the Municipal School of 
Technology and Professor of Chemistry at Manchester in 1901 and seven years later was 
elected to the Chair of Chemistry at Cambridge in succession to the veteran Liveing. His 
voluminous scientific work is outlined elsewhere, but it is noteworthy that he had the none 
too common gift of being able to apply his knowledge in the interests of the community. 
This was recognised during the world war when he became a member of the panel of con- 
sultants of Lord Fisher’s Board of Invention and Research. He devoted himself whole- 
heartedly and with consummate skill to those chemical problems arising from the war, 
towards the solution of which his vast knowledge, acquired by wide reading, proved of 
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the utmost value, particularly in connection with the sources of materials needed for high 
explosives. Later, when the Germans used poison gas, he developed the ethylene process 
for the direct synthesis of mustard gas. At the end of the war these services were 
recognised by his receiving a Knighthood of the Order of the British Empire. 

As a lecturer he had the flair which combines easy delivery with clear statements and 
invariably attracted the closest attention of his audience. In the laboratory his methods 
developed initiative, to: which he gave full encouragement and active support whilst 
interfering with the worker as little as possible. In this way he succeeded not only in 
winning the confidence of his staff and students but also in obtaining the best results from 
their work. But Pope was other than a mere academic professor, for he possessed marked 
‘power of organisation. In his address from the Presidential Chair of the Chemical Society 
in 1918 he directed attention to the urgency of bringing into line the societies representing 
pure and applied chemistry, and later was largely instrumental in forming the Federal 
Council for Pure and Applied Chemistry, of which he served as the first Chairman. In 
collaboration with leading chemists on the Continent he created the Union Internationale 
de Chimie having the like object of co-ordinating the work of societies of different nation- 
alities. He was President of this federation in 1923, when many distinguished British 
and foreign chemists attended the Fourth International Chemical Conference, held in 
Cambridge. He also presided during a long period of years at the Chemical Conferences 
of the Solvay Foundation in Brussels. His services to this Foundation were recognised 
in 1937 when he was created a Grand Officier de l’Ordre de Leopold. He was awarded many 
medals, including the Davy Medal of the Royal Society, numerous Honorary Degrees of 
Universities and the Membership of leading English and foreign Scientific Societies. With 
all these ‘high distinctions he referred to none with greater pleasure than to the first medal 
he received whilst still a boy and a student at Finsbury, a bronze medal for distinction 
in Coal Tar Products awarded at the examinations of the City and Guilds of London 
Institute. 

In his later years Pope would often refer to himself as a machine, a most unsuitable 
description of a man characterised by his broad outlook. . Always willing to afford help 
to friends and colleagues i in any matter in which he could assist, many of those with whom 
he associated made serious claims on his time. He systematically over-worked himself 
and was left little opportunity for leisurely enjoyment of hobbies. None the less he was 
able at times to attend sales at Christie’s and elsewhere and thus to add to his almost 
unique collection of chemical paintings and engravings and of medieval pharmaceutical 
jars and mortars. Pope’s interests were unusually wide. He was equally at home at 
the Garrick Club with his theatrical friends as when he was presiding over an international 
gathering of eminent chemists. He was invariably full of humour, which was whetted by 
his critical faculty. No more amusing example of this can be cited than his letter to 
The Times on American safety razor blades. The works manager of a Sheffield firm had 
given evidence before the Standing Committee of the Board of Trade on imported cutlery, 
in which he had stated that the total annual import of one type of American safety razor 
blades if spread out would cover England eight times over. This was widely reported in 
and accepted by the Press without comment, until Pope’s letter, appearing a few days 
later, in innocently worded terms pointed out inter alia that if the contention of the witness 
was taken seriously, as no doubt it should be, it disclosed who paid the supertax, since each 
inhabitant of the country must be spending more than £150,000 per annum on Safety 
razor blades. 

Pope was a bachelor. As a genial and considerate host he will be best remembered by 
his friends. In his own home and amongst intimates the air of concentration often mis- 
taken for gloom was absent and he showed himself human and entertaining. He was a 
raconteur of delightful stories, which might have emanated from some eminent actor or 
ambassador rather than from a learned chemist. Modest in mien and an authority in 
every branch of his own subject, Pope showed remarkable versatility. This made him a 
delightful companion even amongst those who had no training in chemistry, whilst his 
fellow chemists often failed to recognise that he was well versed in questions relating to 
literature and to art. The passing of his engaging personality leaves a void amongst his 
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friends which cannot be filled. No longer will they be able to enjoy association with one 
of whom it may truly be said, he passed through life :— 


“ Wearing all that weight 
Of learning lightly like a flower.” 
GERALD T. Moopy. 


Pore began his scientific career at the Central Technical College (then the City and 
Guilds of London Central Institution) in a most stimulating environment. Armstrong 
was at the height of his powers. His well-known views on aromatic substitution and on 
the origin of colour had recently been put forward and investigations on these subjects 
were being actively pursued in his laboratory. But though this work was claiming most 
of his attention, he still maintained his interest in the chemistry of camphor and the 
terpenes and Pope’s first scientific publication was a joint paper with him on an investigation 
in this field. 

It had been generally supposed that turpentines from different sources differed because 
they contained different terpenes. Armstrong, however, thought that they contained 
different proportions of the antimeric forms of the same terpene. Since the terebenthene 
(pinene) from French oil of turpentine showed a uniform high levorotation and that 
from the American oil a smaller and variable dextrorotation, Armstrong suspected that the 
French oil was practically pure /-pinene and the American a mixture of d- and /-pinene 
with the former in greater or less excess. He was strengthened in this belief by finding 
that an oil of turpentine from the Burmese Pinus Khasyana (received from Kew) was 
apparently the optical counterpart of the French oil. 

Seeking some characteristic crystalline derivative through which pinene could be 
identified, he thought of utilising the old observation of Sobrero (1851) that the terpene 
fraction of oil of turpentine yielded a solid compound, C,,H,,0,, on prolonged exposure to 
moist oxygen in sunlight. For this compound Armstrong proposed the name sobrerol 
and he and Pope studied the production of sobrerol from turpentines of different origin 
(J., 1891, 59, 315). 

They showed that sobrerol was an optically active gompound and that the optical 
antimers crystallised in enantiomorphous hemihedral forms and combined to give a 
racemic modification. French turpentine yielded nearly pure /-sobrerol and Burmese pure 
d-sobrerol. The American oil, however, gave mixtures partially separable by crystallisation, 
the earlier fractions being pure d-sobrerol, the later containing increasing proportions of 
l-sobrerol. Armstrong’s views on the nature of the terpenes in these turpentines were thus 
confirmed. 

The value of the paper depended largely on the crystallographic observations and for 
these Pope was responsible. In an explanatory paper (ibid., p. 311) preceding the joint 
publication Armstrong made the acknowledgment that the possibility of “ collating the 
scattered results of earlier work’ had been “ chiefly owing to the important assistance 
which one of my students, Mr. Pope, has rendered me in submitting the products to 
crystallographic examination.” 

About the time that this work was finished Marsh and Cousins published an account 
of the preparation of sulphonic derivatives of chloro- and bromo-camphor by means of 
chlorosulphonic acid (J., 1891, 59, 966). As Armstrong had long been interested in the 
action of sulphuric acid on camphor—he had worked on this subject with A. K. Miller many 
years previously (Ber., 1883, 16, 2255)—he asked Pope to repeat Marsh and Cousins’ work. 

Pope’s first attempts were not very successful. They resulted in a tar-like product 
which he took in a porcelain basin to his colleague, F. S. Kipping, then newly arrived from 
the Heriot Watt College, Edinburgh, where he had been with W. H. Perkin. This was 
the beginning of a collaboration which lasted for several years and had an important effect 
in determining the subsequent direction of Pope’s work. 

It was known that camphor could not be sulphonated by ordinary concentrated sulphuric 
acid, for this converts it into “camphren”’, shown by Armstrong and Kipping to be a 
mixture, chiefly of carvenone and 3 : 4-dimethylacetophenone (J., 1893, 68, 75). Kipping 
and Pope found, however, that it was sulphonated by fuming sulphuric acid and also, as had 
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been found by Marsh and Cousins for the halogenocamphors, by chlorosulphonic acid. 
They soon discovered that the sulphochlorides, described by Marsh and Cousins as non- 
crystallisable, were in fact when pure substances of exceptional crystallising power. The 
same was true of many of their derivatives (J., 1893, 63, 548; 1895, 67, 354). 

Pope was thus afforded abundant opportunity to develop his great talent as a crystal- 
lographer. Most of his earlier work was strongly influenced by his interest in crystal- 
lography, and Professor F. S. Kipping says, “‘ I think that the happiest hours of his life 
were those spent in the dark room with his goniometer, in calculating the results of his 
measurements and in drawing the crystal figures. He seemed never to tire of this work and 
his desire for new compounds to measure was almost insatiable.” 

Kipping and Pope further discovered that the camphorsulphochlorides and bromides, 
when heated, decomposed smoothly with the elimination of sulphur dioxide, forming 
halogenocamphors. These derivatives were different from those formed by the direct 
halogenation of camphor and were named “ from their pyrogenic formation ”’ x-derivatives 
(J., 1895, 67, 371). 

By degradation of bromocamphorsulphonic acid Kipping was able to effect trans- 
formations which evidently involved the following structural changes : 


-CH,’SO,H —> -CH,Br —> -CO,H 
Sulphonation had therefore taken place in a methyl group, and, since the carboxyl finally 
produced was on a different carbon atom from either carboxyl of camphoric acid, the methyl 


group sulphonated was one of those of the gem-dimethyl group. On the basis of the 
Bredt camphor formula «-bromo-x-camphorsulphonic acid therefore had the structure (I). 


ft CH——CO,H 
CH HBr aaa 





mm HO,S——CH,-C-CH, | CH,Br-C-CH, (IL) 
CH, wn ne 
~ C—~—Com 
CH, CH, 


Oxidation of ax-dibromocamphor gave x-bromocamphoric acid (II), which, treated with 
alkali, yielded a trans-lactone. The x-position is therefore in the methyl group of the 
gem-dimethy]l pair remote from the carbonyl group (J., 1896, 69, 913). 

By these discoveries the preparation of many new halogeno-derivatives of camphor 
became possible and seven such compounds were prepared and characterised. The study 
of these substances, besides revealing crystallographic relationships, led to various observ- 
ations of theoretical interest. Thus, d-camphor when sulphonated underwent racemisation, 
yielding a mixture of d- and /-camphorsulphonic acids. Kipping and Pope pointed out the 
surprising character of this observation (J., 1897, 71,956). Profound intramolecular changes 
would be needed for the inversion of a tricyclic compound of the Bredt formula. Kipping 
and Pope considered that the racemisation showed “ that part of one closed carbon chain 
may be caused to rotate about another,” but it is difficult to believe that a change of this 
kind could be brought about by thermal processes at 100° and one is tempted to look 
for some chemical mechanism. Racemisation of camphor would result from migration 
of the carbonyl group between positions 2 and 6, and it is conceivable that in heating with 
fuming sulphuric acid or chlorosulphonic acid transformations of the retropinacol, pinacone, 
and other types might occur through which such a change could be effected. 

Another result of these investigations was the discovery of pseudo-racemism (J., 1897, 
71, 989). This resulted from the crystallographic comparison of the optically active 
and inactive forms of two compounds obtained by the degradation of bromocamphor- 
sulphonic acid, trans-camphotricarboxylic anhydride and trans-n-camphanic acid hydrate. 
The inactive forms of these substances were found to resemble their active components in 
crystalline characters so closely as to make their crystallographic distinction difficult. 
The same phenomenon was shown by camphorsulphonyl chloride. Since the racemic and 
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the optically active modifications of a substance must differ markedly in crystal structure, 
the inactive compounds could scarcely be normal racemates. Further investigation 
showed that they were conglomerates of a peculiar type formed of alternate twined layers 
of the enantiomorphs. For non-homogeneous crystalline associations of enantiomorphs 
of this kind Kipping and Pope proposed the name pseudo-racemate. The sense in which 
pseudo-racemism was understood by the originators of the word is thus very different from 
that in which it was subsequently employed by Roozeboom, who used the term to denote 
a homogeneous solid solution of enantiomorphs. 

An investigation which combined Pope’s two chief interests—stereochemistry and 
crystallography—was concerned with the crystallisation of sodium chlorate (J., 1898, 73, 
606). In substances like this, which have a symmetrical molecule but crystallise in enantio- 
morphous forms, the configuration (d- or /-) assumed by any given crystal must be 
determined by chance. The relative probability of production of d- and L-crystals might 
therefore prove easily susceptible of influence by an asymmetric environment. This was 
found to be the case. When sodium chlorate crystallised from pure water, the numbers 
of d- and /-crystals deposited were shown to be equal within the limits of experimental 
error. Addition of glucose, however, brought about a remarkable disproportion in the 
numbers of the two forms produced, a large excess of J-crystals being deposited. In 
crystallisations from solutions containing 200 g. of glucose per litre the mean ratio found 
was 32% of d- to 68% of /-crystals. 

To show that the effect was due to the enantiomorphism of the added glucose and was 
not directly related to its optical activity a similar series of experiments was carried out 
with d-mannitol, which is practically inactive in aqueous solution. The directive. effect 
of mannitol on the crystallisation of sodium chlorate was found to be at least as great as 
that of glucose. 

The results of some rather similar experiments on sodium ammonium racemate were not 
published until several years later (J., 1909, 95, 103). When aqueous solutions of sodium 
ammonium racemate were allowed to evaporate spontaneously in open beakers so that only 
a few large crystals separated, the deposits consisted in the main of sodium.ammonium 
d-tartrate, the /-tartrate remaining supersaturated in the solution. This preferential 
deposition of the d-tartrate was doubtless due to inoculation of the solution by d-tartrate 
particles present in the laboratory atmosphere, though Kipping and Pope also suggested 
as a possible alternative cause the presence in the racemate of a minute excess of d-tartrate. 
Deposits consisting of numerous small crystals usually showed little or no activity. 
Atropine sulphate was subsequently found by Anderson and Hill to show a similar 
behaviour (J., 1928, 993). 

This fruitful partnership was brought to an end by Kipping’s appointment to the 
Professorship of Chemistry at University College, Nottingham, and shortly afterwards 
Pope went as Head of the Chemical Department to the Goldsmiths’ Institute at New Cross. 


Goldsmiths’ Institute; New Cross. 1897—1901. 


Here he threw himself into research with intense activity. He inspired an enthusiastic 
band of workers—among them S. J. Peachey and A. W. Harvey—and papers poured from 
his laboratory in a rapid stream. 

One of his first investigations—carried out with Peachey—was on the optical resolution 
of ‘‘ tetrahydropapaverine ” (J., 1898, 73, 893, 902). Its object was to illustrate the way 
in which stereochemical methods could be used for the determination of structure. Accord- 
ing to the formula which Goldschmiedt had proposed for papaverine (Monatsh., 1888, 9, 
778) the alkaloid itself (in accordance with its optical inactivity) contained no asymmetric 
carbon atom, but one should be generated in the reduction to tetrahydropapaverine. 

CH,°CgH3(OMe), 
CH,°C,H,(OMe), *CH 
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The optical resolution of the inactive tetrahydro-derivative would therefore provide con- 
firmatory evidence for Goldschmiedt’s formula. Goldschmiedt’s ‘‘ tetrahydropapaverine ” 
was in fact, as was afterwards found by Pyman (J., 1909, 95, 1610), a dihydro-derivative, 
but Pope and Peachey showed that it could be resolved and thus made an important 
contribution to the evidence for its constitution. The resolution was, however, not effected 
without difficulty and the method by which the solution of the problem was achieved was to 
lead to far-reaching results. 

Till then the only acid employed for the resolution of bases had been tartaric acid, but 
this proved to be useless for the resolution of ‘ tetrahydropapaverine’’, since the 
crystalline tartrate was homogeneous. It was a partial racemate in which one molecule 
of d-tartaric acid was combined with one molecule of the d- and one of the /-base. 

In seeking a means of getting round this difficulty it was natural that Pope should 
think of the camphorsulphonic acids with which his earlier work had made him so familiar. 
They were strong acids, forming stable salts even with weak bases. They were monobasic 
and thus free from the disadvantages connected with the dibasicity of tartaric acid. Also 
their salts usually crystallised exceedingly well. Accordingly the bromocamphorsulphonate 
of “ tetrahydropapaverine”’ was investigated and was found to be easily resolvable. 
Chlorocamphorsulphonic acid could also be used for the resolution of the base but was less 
convenient. 

The camphorsulphonic acids were then applied to the resolution of other externally 
compensated bases. Tetrahydroquinaldine, tetrahydro--toluquinaldine and ac-tetra- 
hydro-f-naphthylamine were all split into optically active components and from each of 
these investigations some point of general interest emerged. 

For the resolution of tetrahydroquinaldine Pope (with Peachey) described a device which 
he termed “ the equilibrium method”’. It consisted in using enough only of the optically 
active acid to combine with one of the two components of the externally compensated 
base, an acid such as hydrochloric being added to combine with the other component. 
The method was especially effective when the required salt was sparingly soluble. 

In connexion with the resolution of tetrahydro-p-toluquinaldine a useful procedure 
was described for surmounting the difficulty of isolating the component which forms the 
more soluble salt with the resolving agent. It depended on the fact that the component 
with the more soluble bromocamphorsulphonate not infrequently gave the less soluble 
salt with Reychler’s camphorsulphonic acid. Thus, after separation of the pure 
d-bromocamphorsulphonate of the /-base, the mother-liquors were treated with alkali, and 
the liberated base converted into $-camphorsulphonate. Crystallisation of this readily 
gave the d-base d-camphorsulphonate (J., 1899, 75, 1093). 

Finally, in studying the resolution of ac-tetrahydro-§-naphthylamine, Pope and 
Harvey made the surprising observation that extensive optical inversion occurred when 
salts of the optically active base were treated with alkalis (J., 1901, 79, 94). There is no 
evident mechanism by which the inversion could be brought about, for the explanation 
suggested by Pope and Harvey is scarcely tenable in the light of present knowledge, and 


‘the question invites further investigation. 


After the efficacy of the camphorsulphonic acids as resolving agents had been established 
Pope lost no time in applying them to one of the outstanding questions of the day—the 
possibility of obtaining optically active asymmetric nitrogen compounds. The subject 
was at that particular time receiving great attention. Marckwald and von Droste- 
Huelshoff (Ber., 1899, 32, 560) had just carried out an exceedingly careful examination 
of Le Bel’s claim (Compt. rend., 1891, 112, 724) to have obtained an optically active quater- 
nary ammonium salt by growing a micro-organism in a solution of methylethylpropyliso- 
butylammonium chloride and had been entirely unable to confirm his results. Le Bel had 
quickly replied (1bid., 1899, 129, 548), amplifying and confirming his former observations. 
However, many years later Pope and Read (J., 1912, 101, 519) carried out a very carefully 
controlled preparation of methylethylpropylisobutylammonium iodide and found Le Bel’s 
description so much at variance with the facts that they were forced to the conclusion that 
Le Bel never obtained this compound and that the slight optical activity he had observed 
was to be ascribed to some impurity introduced with, or formed by, the micro-organism. 
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Besides using biochemical methods, Marckwald and von Droste-Huelshoff had 
endeavoured to resolve methylethylpropylisobutylammonium by means of its tartrate, 
camphorate, and mandelate, but without success. Wedekind also was actively engaged 
on the same subject (Ber., 1899, 32, 517). He had prepared a new quaternary ammonium 
salt containing four different hydrocarbon radicals—benzylphenylallylmethylammonium 
iodide—but all his attempts to resolve it with the aid of tartaric or camphoric acid had failed. 
Pope then, with Peachey’s assistance, made benzylphenylallylmethylammonium iodide 

by Wedekind’s method, converted it into the camphorsulphonate, and immediately found 

that this was resolvable into diastereoisomers from which the optically active d- and 
l-quaternary ammonium iodides and bromides could be prepared, thus proving “ that 
quaternary ammonium derivatives in which the five substituting groups are different, 
contain an asymmetric nitrogen atom which gives rise to antipodal relationships of the same 
kind as.those correlated with an asymmetric carbon atom” (J., 1899, 75, 1127; 1901, 
79, 828). 

The production of optically active ammonium salts was quickly followed by the resolu- 
tion of asymmetric compounds of sulphur (Pope and Peachey, J., 1900, 77, 1072) and of 
selenium (Pope and Neville, J., 1902, 81, 1552). The sulphur compound resolved was 
methylethylthetine bromide, CO,H*CH,SMeEtBr, and the selenium compound the 
analogous phenylmethylselenetine bromide, CO,H-CH,*SePhMeBr, both resolutions being 
effected by means of bromocamphorsulphonic acid. 

The search for a suitable selenium derivative brought out an interesting point in the 
chemistry of selenium. Phenyl methyl sulphide is incapable of combining with bromo- 
acetic acid to form a thetine bromide, but Pope suspected that, since thio-ethers are more 
basic than ethers, selenides might be still more basic, and this proved to be correct, for 
phenyl methyl selenide was found to combine readily with bromoacetic acid. An increasing 
tendency to “‘ onium compound ”’ formation in the triad, oxygen, sulphur, selenium, was 
thus demonstrated. 

At the same time he was working with Peachey on the production of optically active 
asymmetric tin compounds (Proc., 1900, 16, 42, 116). The problem of finding suitable 
material was solved by the discovery of an elegant series of reactions by which the trimethyl- 
tin iodide of Ladenburg and Cahours could be converted into methylethylpropyltin 
iodide : 

ZnEt, I, ZnPr, I, 
Me,SnI ——> EtMe,Sn ——> EtMe,SnI ——> PrEtMe,Sn ——> PrEtMeSnI 


The latter compound was a liquid volatile without decomposition and soluble in non- 
polar solvents. It thus contained iodine covalently bound, but it gave with silver 
d-camphorsulphonate a camphorsulphonate which was soluble in water and was evidently a 
true salt. When an aqueous solution of this salt was evaporated to dryness, it was com- 
pletely converted into d-methylethylpropyltin d-camphorsulphonate. This was the first 
recorded example of a phenomenon of which several instances have been since observed— 
the activation of an easily racemised radical by separation from solution in combination 
with an optically active complex.- On treating the aqueous solution of the activated 
camphorsulphonate with potassium iodide, dextrorotatory methylethylpropyltin iodide 
was precipitated. Exactly similar phenomena were observed with the bromocamphor- 
sulphonate. The rotation of the active iodide was variable on account of the ready 
racemisation, but the investigation gave decisive proof of the optical activity of asymmetric 
tin. 

This series of researches, following one another in such rapid succession, attracted wide 
attention. The discovery that the valencies of other elements besides carbon had sufficient 
configurational stability to give observable optical activity in their asymmetrical combin- 
ations was immediately recognised as one of the first importance and it gained for Pope an 
established position in the front rank of scientific investigators. 

The work was done at a time when the distinction between electrovalency and covalency 
was imperfectly understood, and the optically active compounds of quadrivalent sulphur, 
selenium, and tin were regarded as formally analogous to compounds of asymmetric 
quadrivalent carbon. Nevertheless Pope fully realised that the compounds were salts 
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and that they must be held to ionise, and he drew attention to the surprising fact that the 
optically active ions maintained an asymmetric configuration although three radicals 
only were attached to the central atom (J., 1901, 79, 840). 

The case of tin is, however, fundamentally different from that of sulphur or selenium. 
The sulphonium and selenonium ions [SR,]* and [SeR,]* are presumably analogous in 
electronic structure and in configuration to the phosphine and arsine molecules PR, and 
AsR, and these, like ammonia and the amines, are known to be nonplanar. The trialkyltin 
cation [SnR,]*, however, would be expected to correspond in configuration with the molecule 
of a trialkyl derivative of a Group III element and these molecules, like that of boron 
trimethide, are doubtless planar. 

In an ion [SnR,]*, however, the tin atom would have an incomplete valency shell and, 
like boron in its 3-covalent compounds, should show a great tendency to co-ordination. 
It would seem possible, therefore, that Pope and Peachey’s camphorsulphonate, prepared 
in aqueous solution, may have contained a cation of the type [R,Sn<-OH,]* having a 


tetrahedral configuration and reacting with an iodide ion, probably with inversion, to give a 
tetrahedral covalent iodide : 


Ie + R>Sn< 0H .| = | R| 


The physiological activity of some of the compounds employed in these investigations 
caused a good deal of inconvenience. The vapour of the trialkyltin iodides gave rise to 
various unpleasant symptoms and on this account the work on optically active tin had to 
be curtailed and the account of the work was limited to two papers in the Society’s 
Proceedings. 

The tenacious odour of the organic selenides was also very troublesome. On Kipping’s 
visits to London he and Pope generally arranged to meet. Professor Kipping says ““ We 
usually dined together at Frascati’s, but my delight in his company was somewhat tempered 
by the perfume of the selenium or tellurium compounds with which he had been working 
and which persisted even after he had discarded his laboratory clothes. He told me glee- 
fully that when going home from New Cross, even if he started with a full compartment, 
he would -be the sole occupant of the railway carriage before many stations had been 
passed.” 

Soon after his appointment to the Cambridge professorship he again began work on 
selenium. He proposed to prepare the optically active methylethylselenetine bromide in 
order to compare its molecular rotation with that of methylethylthetine bromide, and thus 
find the effect of the change in the central atom on the rotatory power of asymmetric 
molecules otherwise identical. 

A mysterious odour soon appeared and pervaded a considerable area of the town. 
The Borough authorities became gravely concerned, suspecting the newly installed sewerage 
system. It was all the more unfortunate since the Darwin Centenary celebrations were just 
about to begin. At length the smell was traced to its source in the University Chemical 
Laboratory and that evening the discovery was made known in the (Cambridge Daily News . 
under the head-line ‘‘ Drains exonerated. Science the Sinner.” An expedition was 
then equipped with the necessary apparatus and Pope and Read, with assistants, proceeded 
down the Cam beyond Clayhithe and in a lonely meadow by the river carried through the 
most malodorous stage of the process. But even then the smell could not be kept within 
bounds and the work had to be abandoned. 


Municipal School of Technology, Manchester. 1901—1908. 


At Manchester Pope’s work proceeded at first on the lines which he had been pursuing 
at New Cross. He completed the work with Neville on optically active selenetines. He 
continued his studies on the resolution of cyclic bases, with Clark (J., 1904, 85, 1330) 
resolving a-methyldihydroindole, which was found to differ from tetrahydro-6-naphthyl- 
amine in that there was no racemisation when the salts of the active base were treated with 
alkali, and with Beck (J., 1907, 91, 458) employing the «-bromo-$-camphorsulphonic acid 
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of Armstrong and Lowry for a new resolution of tetrahydro-p-toluquinaldine in order to 
show the efficacy of the acid as a resolving agent. 

With Peachey he continued the work on the organic compounds of tin and this led to 
new developments (Proc., 1903, 19, 290). For the conversion of trialkyltin halides into 
tetra-alkylstannanes Pope and Peachey had formerly used zinc alkyls. As they had not 
found them very satisfactory, they now tried instead the organomagnesium halides dis- 
covered a year or two previously by Grignard. These proved far more convenient and 
effective than zinc alkyls and by following up this observation they were led to discoveries 
of much interest. 

By treating platinic chloride with methylmagnesium iodide they succeeded in obtaining 
a series of organo-metallic derivatives of platinum (J., 1909, 95, 571) and, in a similar manner, 
Pope and C. S. Gibson prepared from auric chloride alkyl derivatives of gold (J., 1907, 
91, 2061). Thus for the first time it was shown that noble metals were capable of com- 
bining with alkyl radicals and Pope and Peachey’s platinum derivatives are still the only 
compounds known in which a transitional element is linked to alkyl groups. 

The platinum compounds were of the type Me,PtX, where X was a negative radical 
such as iodine or NO,. The gold compounds had the empirical formule Et,AuBr and 
EtAuBr,, but Gibson and his co-workers subsequently showed that these formulz must be 
doubled to give the molecular formule, the substances having the constitutions : 


Et 
a ae Nau’ and 
Et’ “Br” Et 


Conspicuous among the scientific publications issuing from Pope’s laboratory during 
this period were the elaborate memoirs on the relations between chemical constitution 
and crystal structure in which W. Barlow and he developed the theory generally known 

_as the valency-volume theory of crystal structure (J., 1906, 89, 1675; 1907, 91, 1150; 
1908, 93, 1528; 1910, 97, 2308). Barlow had long been interested in the geometrical 
problems presented by the packing of spheres on account of their relation to the arrangement 
of atoms in crystals. As far back as 1883 he had discovered the two ways—the cubic and 
the hexagonal—in which equal spheres could be arranged in closest packing. In 1906 
he and Pope made the new hypothesis that the space which an atom occupies in a crystal 
is proportional to its valency. Using this hypothesis in combination with the principle 
of close packing, taking also into account the information obtainable from crystallographic 
examination, they endeavoured to deduce the crystal structure of many typical substances. 
In earlier attempts to gain an insight into the structure of crystals the lattice points had 
been supposed to correspond with the chemical molecules. In the Barlow—Pope method 
of approach atoms were centred on the lattice points and the close-packed assemblage of 
atoms was then partitioned into molecules. 

Although the postulate of the proportionality of volume and valency cannot now be 
maintained, there was much in these memoirs which foreshadowed present views of crystal 
structure based on the knowledge gained through X-ray analysis. This is true particularly 
with regard to substances like the metallic elements and the alkali-metal halides in which 
the valency forces are non-directional and the arrangement of the atoms in the crystals is 
largely determined by the requirements of close packing. 

The outstanding investigation initiated in the Manchester period was that on 
methylceyclohexylideneacetic acid. The conception of the asymmetric carbon atom was so 
easily applicable and had proved so sure a guide in dealing with mirror-image isomerism 
that in the minds of many organic chemists it had come to overshadow the fundamental 
principle of molecular dissymmetry on which it had been kased. Pope conceived the brilliant 
idea of producing a compound which should be optically active and yet contain no 
asymmetric carbon atom in its molecule—at least, none in the ordinary sense.. To realise 
this idea he devised a molecular type which might be regarded as derived from a disubstituted 
allene (III) by expansion of one of the ae residues into a cyclohexane ring. 


Ry~ p-aam j CH,°CH, CO,H 
(IL) poC_UCUC<y >< ‘CH, SCUC< A? av.) 


as Ch tee fh Oe 


ee ee ee” 
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With convenient substituents this gave methylcyclohexylideneacetic acid (IV). Although 
in this compound no carbon atom is attached to more than three unlike atoms or groups, a 
tetrahedral arrangement of the carbon valencies makes its molecule non-superposable upon 
its mirror-image. It should therefore exist in two enantiomorphous modifications. 

For the production of this compound he secured the collaboration of W. H. Perkin, 
who then occupied the chair of Organic Chemistry in the University of Manchester, and a 
process for its synthesis was described in a joint paper in 1908 (J., 1908, 93, 1075), 
a preliminary account having been published in 1906. 

By a remarkable coincidence Marckwald and Meth were at the same time engaged on 
the synthesis of this very compound for the same purpose (Ber., 1906, 39, 1171, 2404). 
They prepared an acid which they believed to be methylcyclohexylideneacetic acid and 
succeeded in resolving it into optically active components. It was, however, different from 
Perkin and Pope’s acid. 

Perkin and Pope’s acid was obtained by the elimination of hydrogen bromide from the 
compound (V). The elimination could take place in one way only and the constitution 
of the acid was therefore definitely fixed by its synthesis. Perkin and Pope’s acid was 
unquestionably methylcyclohexylideneacetic acid (IV). 

Marckwald and Meth’s acid was obtained by the elimination of water from the compound 
(VI). This substance could lose water in two ways, forming a double bond either in the 
semicyclic position (IV) or in an a position (VII). Since the resulting compound 





(V.) Me CHC EH ct H-CO,H —> Me: CHC Ci >C=CHCO,H 


(iv. ) 





H 
(VI) Gi = an eating Me-CH<CH? CH, SC—CH,‘CO,H 
MeCH<CH cH H-CO,H = 9 


was different from ahi and Pope’s acid, the elimination must have taken place in the 
second way (notwithstanding evidence obtained by Marckwald and Meth which, super- 
ficially considered, seemed to indicate that the double bond was in the semicyclic position). 
Marckwald and Meth’s acid was therefore methylcyclohexeneacetic acid (VII). This 
compound contains an ordinary asynimetric carbon atom and no special interest attaches 
to its resolution. 

Although Perkin and Pope’s process gave the right acid, it involved several difficult 
operations and it could not easily be made to yield enough of the substance for resolution. 
Shortly afterwards, however, Wallach in Géttingen chanced on a simpler synthesis. He 
found that the way in which water was eliminated from §-hydroxy-acids of the type (VI) 
depended on the nature of the dehydrating agent used. Strongly acid dehydrating agents 
like potassium bisulphate, phosphoric oxide, or the dilute sulphuric acid used by 
Marckwald and Meth, led to the formation of a double bond in the endocyclic position. 
Acetic anhydride, on the other hand, gave a semicyclic double bond. Methyleyclo- 
hexylideneacetic acid could therefore be obtained with comparative readiness by heating 
the compound (VI) with acetic anhydride. 

Wallach thereupon informed Perkin that he had got a method by which the acid could 
be made in quantity. He was not prepared to divulge the method, but he sent Perkin some 
of the acid and in return his name was to be included in the title of the paper. 

On December 18th, 1908, Perkin wrote to Pope, then established at Cambridge: ‘‘ The 
whole of the acid (now about 25 grams, originally 30 grams) I have sent on to you for you 
to see whether you can get anything optically active out of it. Ifmot, the question arises, 
What other differences may the two enantiomorphous modifications possibly exhibit and 
how can we prove these experimentally? The problem must surely be a very interesting 
one whichever way it goes.” The solution of the problem was not long in coming. The 
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acid was shown to be resolvable into optically active components. This final realisation 
of Pope’s idea was accomplished with the assistance of Dr. John Read, now Professor 
of Chemistry at St. Andrews, and the rotatory power of the active modifications of the acid 
proved to be quite considerable ([«], + 81°). The resolution presented unusual difficulty. 
The salts of the acid with the alkaloids and other optically active bases showed the greatest 
reluctance to crystallise * and when the brucine salt had at length been obtained crystalline 
the separation of the salts of the d- and /-acids was greatly impeded by their mutual 
solubility in the solid state. By an exceptional arrangement the account of the resolution 
was published simultaneously in English and in German (J., 1909, 95, 1789; Amnalen, 
1909, 381, 180.) 

In a later paper (J., 1911, 99, 1510) Perkin and Pope described further work on the 
acid, in which, among other reactions, transformations of the ‘‘ centroasymmetric ” 
compound into compounds containing an ordinary asymmetric carbon atom were studied. 
Thus, the addition of bromine to the optically active cyclohexylidene acid produced two 
optically active dibromo-acids (cis-trans isomerides, VIII and IX). 


Br. H CO,H 
Me A ; 
| re (VIII.) 
<7 \pr 








Me ye 
a Jor (IX.) 
H 


In these the molecular dissymmetry arises entirely from the Paces formed asymmetric 
carbon atom C* (on the usual assumption of free rotation about a single bond) and the 
cyclohexane ring is only concerned (through its 1:1: 4-substitution) in the geometrical 
isomerism. 

The rotations of the two dibromo-acids were found to be of opposite signs. The 
diagrams show how this probably comes about. Provided that the addition of bromine 
takes place in a corresponding manner (i.¢e., by cis-addition or by ¢rans-addition) in each 
case, the system R-CHBr-CO,H will have opposite configurations in the two isomerides. 
The diagrams are drawn on the assumption of trans-addition. 

The isomeric dibromo-acids could be transformed back again into a centroasymmetric 
compound, for with potassium hydroxide they showed the normal behaviour of «$-di- 
bromo-acids, hydrogen bromide being eliminated with the formation of the «-bromo- 
aB-unsaturated acid (X). Both dibromo-acids gave the same optically active methyl- 
cyclohexylidenebromoacetic acid and the rotation of the latter had the same sign as that 
of the original centroasymmetric acid. 


Cambridge. 1908—1939. 


In the period following the investigations on methylcyclohexylideneacetic acid Pope’s 
work was chiefly centred on the stereochemistry of compounds of simple molecular 
constitution. 


* Professor Read relates how the accomplishment of this exceptionally difficult task was helped by 
the remissness of a laboratory attendant. The boy neglected an instruction to clean up an accumulation 
of watch-glasses containing the results of many seemingly unsuccessful experiments and after two or 
three days he was sent for to be reprimanded. The glasses had stood, some of them for months, without 
any sign of crystallisation having been observed, but while awaiting the boy’s arrival Read noticed a 
white speck in a glass containing a glassy film of brucine salt. The speck proved to be crystalline. It 
was effective in starting the crystallisation of the brucine salt in mass and thus it led ultimately to the 
resolution. 
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The question whether the simpler carbon compounds were capable of showing optical 
activity was first raised by Eiloart in his translation of van ’t Hoff’s “‘ Arrangement. of 
Atoms in Space ”’ (1898, p. 25). Eiloart pointed out that in every optically active com- 
pound then known at least two other carbon atoms were directly linked to the asymmetric 
carbon atom, C-C*-C. There was therefore no experimental evidence that asymmetric 
compounds with less than three carbon atoms in the molecule could show optical activity 
and he suggested that in these simple compounds the radicals might be too mobile to permit 
the activity to be observed. 

The question of the optical stability of simple molecules then seemed to Pope one of 
the most important unsolved problems of stereochemistry and he had already begun to 
work on it at Manchester. There, with Read, he had prepared chlorosulphoacetic acid, 
CHCI(CO,H):SO,H, and chlorobromomethanesulphonic acid, CHCIBr-SO,H, both described 
by Andreasch in 1887, and had tried to resolve them. A number of crystalline salts with 
optically active alkaloids were obtained but none of them had proved resolvable (J., 1908, 
93, 794). 

This failure might have been due, either to the mobility of the groups in these simple 
molecules, or to a special tendency of the alkaloidal salts of the simpler asymmetric acids 
to form partial racemates. Since he thought that the power to form partial racemates 
might occur less frequently in non-ionic compounds than in salts, Pope examined the 
possibility of avoiding the formation of these combinations by using non-ionic diastereo- 
isomeric derivatives instead of diastereoisomeric salts for effecting resolutions. 

With this object he and Read studied the condensation products (XI) which oxy- 
methylenecamphor forms so readily with primary and secondary bases. 


CoH -CH> OH R-NH, mae € Hy <E :CH: NHR =. Cc Hun CHO + R: NH,,HBr 


(XI.) 


They examined a number of such products and found that externally compensated bases 
could in fact be resolved by means of them. d/-«-Phenylethylamine, for example, gave 
with d-oxymethylenecamphor two diastereoisomerides separable by fractional crystallis- 
ation, and from the separated diastereoisomerides the two enantiomorphous optically 
active bases could be obtained (J., 1909, 95, 171; 1913, 103, 444). 

To regenerate the active bases from the condensation products an effective method 
was discovered consisting in treatment with bromine. Smooth fission into bromoformy]l- 
camphor and the hydrobromide of the base was thus brought about and by this device the 
process was made a practically useful method for resolving bases (J., 1912, 101, 2337). 

Further investigation showed, however, that it afforded no escape from partial racemism. 
When applied to the resolution of dl-tetrahydro-f-toluquinaldine, it failed (J., 1913, 108, 
1515). The d-methylenecamphor derivative of this base was not separable by fractional 
crystallisation into its diastereoisomeric components and the cause was the formation of a 
partial racemate. By combining the d- and the /-form of the base (readily obtained by 
resolution with bromocamphorsulphonic acid) with d- and with /-oxymethylenecamphor 
the four possible stereoisomeric forms of the condensation product were prepared and their 
crystalline combinations were studied in detail. Suitably paired, they gave not only 
the two fully racemic forms, but also four partial racemates, since dBdC (B representing 
the residue of the base and C that of methylenecamphor) formed crystalline combinations 
with both /BdC and dBIC, and the mirror images of these two combinations were of course 
formed by JBIC. Tetrahydro-p-toluquinaldinomethylenecamphor was thus shown to 
exist in no less than ten different crystalline stereoisomeric forms. These were all obtained 
in a state of purity and the investigation is probably the most complete study yet made of 
the racemic relationships of a pair of diastereoisomerides and their mirror images. 

Since the molecular solubility of the individual diastereoisomerides was greater than 
that of any of their crystalline combinations, neither the base nor oxymethylenecamphor 
could be resolved by fractional crystallisation of their condensation product. The optically 
active forms of the base could nevertheless be obtained by means of oxymethylenecamphor 
in.another way. d-Oxymethylenecamphor was found to react so much more rapidly with 
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l- than with d-tetrahydro-f-toluquinaldine that the difference could be used for the resolution 
of the base. 

It may be remarked that through this difference in reaction velocities it should be 
possible to relate the configurations of d- and /-camphor to those of d- and /-tetrahydro- 
p-toluquinaldine. The difference is evidently due to unequal steric hindrance arising 
from the relative orientations of the «-methyl group of the base and the gem-dimethy] ' 
group of oxymethylenecamphor. 

ok 3 Me 


Mer *Me Me-C-M “4 On Sa 
we \Y Hf Me 
i ba 


(XII.) (XIII) (XIV.) 
If, in order to interact, the two molecules must (as would appear necessary) have the axes 








ab a'b’ similarly directed, then it seems evident that (XIV) represents the form of tetra- . 


hydro-p-toluquinaldine in which the methyl group is so oriented as to cause the greater 
hindrance to interaction with the form (XIII) of oxymethylenecamphor. Hence, if 
(XII) is d-camphor, (XIV) is the form of the base which reacts the more slowly with 
d-oxymethylenecamphor, viz., d-tetrahydro-p-toluquinaldine. 

Since non-ionic diastereoisomerides could thus possess in a high degree the power to 
form partial racemates, it seemed unlikely that their use in place of salts would prove 
generally advantageous in resolutions. Pope therefore looked fér other methods of resolving 
acids. 

Though many more bases were available for resolving acids than acids for resolving 
bases, yet no base was known which was comparable in efficiency with the camphor- 
sulphonic acids. He accordingly tried to find an optically active base which would corre- 
spond in effectiveness with these acids—that is to say, a base of great strength, giving salts 
of great crystallising power, and at the same time sufficiently easily obtainable. 

With this object he and Read examined hydroxyhydrindamine, readily prepared from 
indene by the ie, reactions : 


— H-OH CH-OH 
C,H, SCH — + CH — >. Ci * Naa ‘NH, 


This compound was found to possess in a nities degree the ieee required. 
It was a strong organic base—strong enough to form a stable carbonate—most of its salts 
crystallised well and it was easily resolved with bromocamphorsulphonic acid (J., 1911, 
99, 2071; 1912, 101, 758). 

Its active forms were at once applied to the resolution of acids with simple molecules 
and they speedily brought success. The first experiments, made on chlorobromomethane- 
sulphonic acid, already gave indications that a resolution was being effected. To ensure 
more favourable conditions a new acid of somewhat more promising constitution, chloro- 
iodomethanesulphonic acid, was prepared and with this compound resolution was definitely 
achieved. Though the possibility of its resolution was first established with /-hydroxy- 
hydrindamine, it was found afterwards that resolution could also be effected—and more 
completely—by fractional precipitation of the very sparingly soluble brucine salt. The 
active acid showed a considerable molecular rotation [M]54,, + 43° and its optical activity 
proved to be remarkably stable, since its aqueous solution could be boiled, even with the 
addition of ammonia—and indeed even heated for 2 hours at 130—150°—without loss of 
activity (J., 1914, 105, 811). 

Thus it was proved that a compound having a single carbon atom only in its molecule 
could exist in a stable optically active state. This substance contains less than 5% -of 
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carbon and there are only 9 atoms in its molecule; in the optically active anion there are 
but 8 atoms, only 3 more than the minimum number required for the formation of a 
dissymmetric carbon compound. 

This discovery filled an important gap in the stereochemistry of carbon. It also 
removed the basis of Eiloart’s suggestion that one- and two-carbon compounds were 
configurationally unstable. There is no theoretical justification for this suggestion. The 
evident reason why optically active one- and two-carbon compounds had not been 
obtained before was the difficulty of finding compounds suitable for resolution among the 
small number of molecularly dissymmetric substances in these classes. 

Of the few molecularly dissymmetric compounds which they contain, some like ethyl- 
idene chlorobromide belong to types to which the usual methods of resolution are inapplicable, 
others like aldehyde-ammonia are unstable towards resolving agents, while others like 
chlorobromoacetic acid and chlorosulphoacetic acid (which, however, have subsequently 
been resolved) present special difficulties on account of the readiness with which they 
racemise, the racemisation being due, not to the kind of mobility suggested by Eiloart, 
but to the presence of an «-hydrogen atom rendered specially prone to prototropic change 
by the presence of two substituent halogen atoms, or of a halogen atom and a sulpho-group, 
in addition to the carboxyl. 

In his selection of chloroiodomethanesulphonic acid Pope’s sure instinct was shown, 
for‘in the light of present knowledge it would seem that there could hardly be any compound 
better suited to his purpose. 

Soon after this work was completed he left for Australia to attend the Australian 
meeting of the British Association as President of Section B (Chemistry). His presidential 
address, delivered in Melbourne, showed his strongly maintained interest in the Barlow- 
Pope theory of crystal structure. The address began with an outline of recent progress 
in stereochemistry, but at least two-thirds of it were devoted to the valency-volume theory. 
The first results of X-ray analysis had then just been obtained and he was able to compare 
the experimentally ascertained structures of diamond and rock-salt with the predictions 
of the theory. : 

During the Australian meeting war was declared and after his return to Cambridge 
Pope became actively engaged on chemical problems arising out of the national emergency, 
calling on the co-operation of most of the staff of the University Chemical Laboratory. 
He rendered assistance in many directions, more especially in connexion with the sources 
of high explosives, aerial photography and retaliation to the German use of poison gases. 
Many of the results of these researches were of considerable scientific interest and were 
published after the end of the war. Notable among them were the investigations carried 
out with C. S. Gibson (J., 1920, 117, 271) on the action of sulphur chlorides on ethylene—a 
subject first studied by Guthrie in 1860. Asa result of these researches it was shown that an 
almost quantitative yield of dichlorodiethyl sulphide could be obtained by the strongly 
exothermic reaction 

2C,H, + S,Cl, = (C,H,Cl),S + S 


Several other investigations on dichlorodiethyl sulphide were carried out in the 
immediate post-war period and one of these, carried out with F. G. Mann, had very interest- 
ing consequences. In connexion with the use of chloramine-T as an antidote to mustard 
gas it had been found by H. S. Raper that dichlorodiethyl sulphide gave a crystalline 
condensation product with sodium toluene-p-sulphonchloroamide : 


(CqH,Cl),S + N3>N-S0,°C,H, = (CJH,Cl),S:N-SO,°C,H, + NaCl 


Pope and Mann now showed that the power to react in this manner with salts of aromatic 
sulphonchloroamides was a very general property of dialkyl sulphides and for the resulting 
condensation products they proposed the name sulphilimine (J., 1924; 125, 911). Pope 
regarded the nitrogen-sulphur link formed in this condensation as analogous to the 
nitrogen—carbon link in the oximes, i.e., as a 4-electron bond. Kenyon and Phillips, 
however, subsequently resolved sulphilimines derived from unsymmetrical sulphides into 





712 Obituary Notices. 


optically active components, thus showing that the link was a semipolar or co-ordinate 
(t.e., a 2-electron-) link. 

After normal conditions had been restored Pope turned again to .stereochemistry, 
entering what was for him a new province—that of the co-ordination compounds of the 
metals. 

When an aliphatic diamine co-ordinates with a 6-co-ordinating metal, the full number 
of isomers required by an octahedral configuration of the complex can in many cases be 
obtained. Pope os to extend the development of this subject by studying the co- 

ordination compounds of the aliphatic triamines. Since 

R” JN Cue ME “NE — x compounds of the annexed type should exist in three 

\nE2 “NH, -/ 3 stereoisomeric forms, of which one should be resolvable 

2 into optically active enantiomorphs, this seemed to offer 

a rich field for investigation and its experimental exploration was undertaken with the 

assistance of F. G. Mann. The expected isomerism could not, however, be realised. 

The first trials were made with the simplest triamine, triaminopropane, 
NH,°CH,°CH(NH,)-CH,"NH,, 

and several cobaltic and rhodium derivatives of the type [M.trp,]X, were prepared, but 
none could be obtained in more than one form (Proc. Roy. Soc., 1925, A, 107, 80). 

Triaminotriethylamine N(CH,*CH,*NH,), was then examined (Proc. Roy. Soc., 1925, A, 
109, 444). Since tertiary bases like triethylamine do not form metallic co-ordination 
compounds, it seemed probable that only the three amino-groups would co-ordinate so 
that this comparatively accessible base could be used for the study of triple co-ordination. 
Actually, however, all four nitrogen atoms proved able to co-ordinate, and with metals 
capable of 6-co-ordination compounds of the types [Ni, tren,]X, and [Cl,Pt tren]X, 
were formed, whilst with 4-co-ordinating metals compounds like [Nitren]SO, and 
[Pd tren]I, resulted. Although it would appear that the complex [Ni,tren,]'¥ must 
necessarily be dissymmetric, it could not be resolved, possibly, as Pope and Mann suggested, 
on account of its rapid racemisation. 

The analogous base triaminotripropylamine, N(CH,*CH,*CH,*NH,)3, was also 
synthesised and was likewise found to co-ordinate as a tetramine, giving compounds with 
nickel of the type [Ni trpn]X, (J., 1926, 489). 

Whilst the primary object of the work thus could not be attained, various points of 
interest in connexion with co-ordination emerged from it. One of these concerns the con- 
figuration of the 4-co-ordinated nickel atom. Triaminotriethylamine was found to yield 
the nickel derivative [peceHe NE a)s are SO,, for which the simple molecular weight was 
established (J., 1926, 482). If the nickel valencies have the normal planar arrangement, 
the production of this compound clearly entails great intramolecular strain, but if they are 
tetrahedrally arranged, it would be strainless. A knowledge of its actual configuration is 
therefore much to be desired. 

Another point of interest concerns the manner in which triaminopropane co-ordinates 
with platinic chloride (J., 1927, 1224). Interaction of the triamine with hydrochloro- 
platinic acid yields a product containing in its molecule 5 atoms of chlorine, of which one is 
ionic. It is therefore of the type Cl,Pt<(NH,),C,H,*NH,Cl, derived from the electrically 
neutral diamminotetrachloroplatinum [(NH,),PtCl,]. The relation between the two amino- 
groups co-ordinating with the platinum was established by showing that the compound 
was resolvable into optically active enantiomorphs. This proved that the co-ordination 
takes place unsymmetrically, i.e., that «- and 6-groups co-ordinate with the platinum and 
th -NH,°CH-CH,°NH,Cl 

e y-amino-group with the proton, Cl,Pt<” NH, H, . Thus of the two possible 
structures which might result from the co-ordination—the 5-ring and the 6-ring—the 
former is in fact produced. This accords with the conclusion to be drawn from a con- - 
sideration of the relevant atomic radii and intervalency angles. The authors described 
this as the first recorded case of a carbon atom owing its asymmetry to the operation of 
auxiliary valencies. 


Pope then returned to the stereochemistry of centroasymmetric substances and started 
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investigations which led to the discovery of two particularly elegant examples of optically 
active compounds of the spirocyclic class. The first of these was spiro-5 : 5-dihydantoin 
(XV). ‘spiro-Dihydantoins were obtained long before their constitution became known. 
Trimethylspirodihydantoin was encountered by Emil Fischer in 1882 in his classical investig- 
ation on caffeine: it was his hypocaffeine. He had mistaken its nature, regarding it as a 
7-carbon- instead of, as it actually was, an 8-carbon-compound. Later he obtained also 
the tetramethyl derivative but did not discover its constitution, naming it oxytetra- 
methyluric acid. The true nature of these compounds was first recognised by H. Biltz 
after his discovery of the uric acid glycols. He saw that they were spirocyclic compounds 
formed through intermediary unstable uric acid glycols by an intramolecular change 
resembling the pinacone transformation. He confirmed this view by synthesising the 
parent compound from urea and alloxan, thus at the same time providing a convenient 
method for its preparation. 


O 
NH-CO NH——CO NH—C NH 
Wi, HNH / ra Yee 
o+ >CO —> | CO HO-C-NH — CO CO 
ee oe or \weaeeen 5 \nw” (a 
(XV.) 


CO 


Pope’s attention was attracted to this substance as a centroasymmetric compound of 
particularly simple constitution and he perceived that it would be sufficiently acidic to form 
salts with alkaloids. With J. B. Whitworth (Proc. Roy. Soc., 1931, A, 134, 357) he showed 
that it could be in fact resolved with brucine with surprising readiness, the hot alcoholic 
solution of the di-brucine salt depositing the /-form nearly quantitatively as monobrucine 
salt on cooling, whilst the mother-liquor deposited the d-form as dibrucine salt on standing. 
It may well be that this substance, having not more than one exocyclic atom on any ring- 
member, is the simplest centroasymmetric spirocyclic compound that will ever be obtained 
in optically active forms. 

In view of the tautomeric possibilities associated with the presence of -CO-NH- 
groupings the precise structure of the dihydantoin is not easily established and the interest 
attaching to its optical activity depends on both rings being similarly constituted, for 
otherwise an ordinary asymmetric carbon atom would be present. There can, however, 
be little doubt that the compound actually has the lactam structure (XV) and Pope and 
Whitworth (Proc. Roy. Soc., 1936, A, 155, 1) saw confirmation of this in the close relation 
which they found between its rotatory dispersion and that of its tetramethyl derivative 
formed by the action of diazomethane on the active dihydantoin, the ratio of the molecular 
rotations of the two compounds being almost constant over the range of wave-lengths 
examined. (The methyl groups in the tetramethyl derivative are known to be on the 
nitrogen atoms.) ; 

When the d-dihydantoin is dissolved in aqueous sodium hydroxide (1 mol.), the rotatory 
power falls to roughly one half. The addition of a second molecular proportion of sodium 
hydroxide produces a further fall in the rotation, the solution then becoming levorotatory. 
Pope and Whitworth considered that these changes of rotatory power indicated passage to 
tautomeric enolic forms. The molecular species whose rotations are observed under these 
conditions are, however, the univalent and bivalent anions and these would now be re- 
garded as resonance hybrids, the normal state of the univalent ion corresponding with 
resonance between the three structures 


=] 


Q 


4 Re Q 
NH-C=N-C NH-C-N-C NH-C-N=C 


whilst in the bivalent ion such resonance would occur in both rings. The relation between 
3B 
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structure and rotatory power [a];,,, in these substances in aqueous solution is as 
follows : 
a g 
NH f : c , 
rs ie me r ™~ “a No 
CO Sx he 
CO CO CO CO Ps 
\Z » 4 6 N Oo 
NH 
+112° +59° —6° 


The second of the two spirocyclic compounds resolved was diaminospirocycloheptane 
(XVI). Many years previously, immediately after completing the work on methylcyclo- 
hexylideneacetic acid, Pope and Read had made experiments on the resolution of the 
spirocycloheptanedicarboxylic acid (XVII) obtained by Fecht in 1907 from pentaerythritol. 


NHy CHC >C< Ey >CH NH, HO,CCHC CH >C< Cy} >CHCO,H 
(XVI.) (XVIL.) 


Just as methyleyclohexylideneacetic acid could be regarded as derived from a disub- 
stituted allene by the expansion of one double bond into an alicyclic ring, this acid might 
be considered to be derived by the expansion of both the allene double bonds into 
cyclobutane rings. 

Pope and-Read obtained products showing some optical activity, but the rotatory 
power observed was so small that the results were not published. Twenty years later 
(in 1931) Backer and, Schurink published an account of the resolution of this acid in which 
the molecular rotation recorded ([M], + 1-9° in ether) was of the same order as that which 
Pope and Read had observed. Pope then perceived that the diamine corresponding to (XVII) 
was likely to provide more favourable material for demonstrating the dissymmetry of this 
molecular type. Accordingly, with S. E. Janson (Chem. and Ind., 1932, 316) he replaced 
the carboxyl groups in Fecht’s acid by amino-groups, using K. F. Schmidt’s newly patented 
method of treatment with azoimide in concentrated sulphuric acid solution. The new base 
thus obtained could be readily resolved by means of camphor-f-sulphonic acid into 
enantiomorphous forms of considerable optical activity (the hydrochloride had [M]q35¢ 
-++ 30° in aqueous solution), a result which gave Pope much satisfaction. 

On account of the rigidity and the simplicity of its molecule this compound is well 
adapted for the application of mathematical theories of optical rotatory power and it 
was so employed by Born (Proc. Roy. Soc., 1935, A, 150, 84). The close relationship in 
constitution between diaminospirocycloheptane and spirocycloheptanedicarboxylic acid 
together with the tendency of enantiomorphous molecules to crystallise together to form 
racemates might suggest that the optically active base would form a considerably less 
soluble salt with the acid of unlike than with that of like configuration, so that the active 
base would be specially effective in resolving the di-acid. This was, however, not so; 
the acid proved to be non-resolvable by the active base. 

The last research which Pope undertook was an investigation of derivatives of bicyclo- 
[1 :3:3]nonane (XVIII), some of which, if they could be prepared, would be of con- 
siderable stereochemical interest. The diketone (XIX) represents a type of molecular 


i ie Ge CO—CH H, ¢O—CH—TCH, 
CH, CH, MeO,C‘CH (CH, (CH-CO,Me 
——CH, CH, -CH—CO CH,—CH—CO 
(XVIII.) (XIX.) (XX.) 
dissymmetry not yet realised and the hydrocarbon itself is of interest since its nine carbon 


atoms should be capable of assuming an arrangement identical with a section of the crystal 
lattice of diamond. The work was begun with the assistance of Janson and the crystalline 
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methyl ester (XX) was obtained in an optically active form, but Janson left to take up 
another appcintment and the investigation was never completed. 

Of the great body of work which Pope accomplished, nearly the whole was thus con- 
cerned in one way or another with molecular configuration, opening up new fields of stereo- 
chemistry and enriching others. His discoveries of optically active compounds of nitrogen, 
sulphur, selenium and tin, and his pioneer work on centroasymmetric substances will 
always remain landmarks in the history of the science. 

In his Melbourne address he depicted stereochemical investigation as an artistic pursuit 
—demanding of its followers originality of conception, intuitive choice of material, and 
practical sense—and in this scientific artistry he was himself a master a 

WwW MILLs. 


(I am indebted to Professor F. S. Kipping and to Professor John Read for information 
which has been of great assistance in the preparation of this account of Pope’s work. 


W. H. M) 


127. Addition of Maleic Anhydride and Ethyl Maleate to Substituted 
Styrenes. 


By B. J. F. Hupson and Sir ROBERT ROBINSON. 


There does not appear to be any recorded instance of a simple Diels-Alder adduct 
(1 : 1) being formed by o-8(1 : 4)-addition to styrene or one of its substituted derivatives. 
In an attempt to realise such a reaction isosafrole, on account of its accessibility, was 
tried first and found to give 1: 1 adducts with maleic anhydride and ethyl maleate. 
These substances are regarded as 1: 2:3: 4-tetrahydronaphthalene. derivatives on 
account of their stability to permanganate. isoEugenol methyl ether behaved like 
isosafrole and, of the stereoisomeric isoeugenol ethyl ethers, the cis-compound formed 
a normal adduct with maleic anhydride. 

2 : 3-Dimethoxy-a«-propenylbenzene formed a simple adduct with greater difficulty, 
but no such products were obtained from anethole or m-methoxy-«-propenylbenzene, or 
from any styrene unsubstituted in the B-position. The reaction succeeds with 3: 4- 
methylenedioxy-B-propylstyrene, but not with 3 : 4-methylenedioxy-$-bromostyrene or 
with ethyl 6-piperonylacrylate. It seems, therefore, that the necessary conditions are 
substantially those obtaining in isosafrole and its close analogues. 

The opportunity is taken to include an account of a preliminary study of the use 
of benzylidenepyruvic esters as philodienes. In one case the normal product was 


isolated, but in others, although the reaction obviously took place, the products could 
not be purified. 





In the course of an investigation of ‘‘ heteropolymers ” Wagner-Jauregg (Ber., 1930, 63, 
3213) obtained a compound, C,,.H,,O0,, by addition of as.-diphenylethylene (1 mol.) to 
maleic anhydride (2 mols.). This was degraded to 1-phenyl-l : 2:3: 4-tetrahydro- 
naphthalene-3 : 4-dicarboxylic acid and to 1-phenylnaphthalene, but the formation of the 
compound was not considered to be due to 1 : 4-addition of maleic anhydride in the first 
place (Amnalen, 1931, 491, 1). Cohen (J., 1937, 1315) found that 1-vinylnaphthalene adds 
maleic anhydride normally and probably with the usual shift of the double bonds, because 


the product is unsaturated and is readily isomerised to an aromatic naphthalene as shown in 
the scheme : ° 


O 
WY \co% 
WF j WF 
Bergmann and Bergmann (J. Amer. Chem. Soc., 1937, 59, 443) proposed the similar 
use of 1-8-naphthyleyclopentene as a route to cyclopentenophenanthrene derivatives and 
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this was realised by Bachmann and Kloetzel (ibid., 1938, 60, 2204), who also used 1-a- 
naphthyleyclopentene. These authors assume that the products are of the normal type in 
which one double bond becomes exocyclic to the naphthalene nucleus, but this view is 
based on analogy only. 

We wished to apply a similar reaction in the simple benzene series and in particular to | 
m-methoxystyrene with a synthetical objective. The first results have already been 
indicated in the summary. The adducts from isosafrole and isoeugenol methyl ether are 


MeO aa 
Me /CHMe, 
ch, 


The dehydrogenation of (I) was attempted by heating with sulphur, but the product 
contained that element and was of complex constitution. The process was accomplished 
by heating with palladised charcoal (cf. Diels and Gadke, Ber., 1925, 58, 1231) and the 
yellow 6: 7-methylenedioxy-3-methylnaphthalene-1 : 2-dicarboxylic acid anhydride was 
obtained. In order to prove the orientation of addition to the benzene nucleus, (II) was 
oxidised by potassium permanganate to metahemipinic acid. 

Piperonylallylene was expected to yield a dihydronaphthalene derivative by union with 
maleic anhydride, but the only product isolated was the above-mentioned methylene- 
dioxymethylnaphthalenedicarboxylic acid anhydride. On the other hand, isosafrole and 
ethyl acetylenedicarboxylate yield the expected dihydronaphthalene derivative in the form 
of the anhydride of the dicarboxylic acid. It is to be noted that the dihydronaphthalenes 
anticipated in these two cases are not the same. The substance from piperonylmethyl- 
acetylene and maleic anhydride would be a derivative of succinic acid, that from isosafrole 
and ethyl acetylenedicarboxylate would be a derivative of maleic acid. The facilitation 
of dehydrogenation by the attached carboxyl groups is exemplified in the well-known 
biological conversion of succinic acid into fumaric acid. 

The various styrenes, anethole and m-anethole gave heteropolymers, but methylene- 
dioxystyrene reacted with maleic anhydride to form a relatively simple substance which 
has not yet been fully investigated. 

The following deductions from these experiments may be made: (1) An alkoxy-group 
in the #-position to the unsaturated side-chain of a styrene enhances the tendency to unite 
with maleic anhydride. An o-alkoxyl is probably similarly effective but in a less degree. 
Only one example bears on this point. 

(2) An alkoxy-group in the m-position to the side chain has no such effect and appears 
to exert a stabilising influence. 

(3) When both m- and p-alkoxy-substituents are present, the capacity for addition to 
maleic anhydride is not completely suppressed but the reaction is not so facile as with the 
simple p-substituted derivatives. 

(4) Naphthalene derivatives (1:1 adducts) are only obtained (a) when there is a 
m-alkoxy-group, which is, of course, p- to the carbon atom of the benzene ring involved in 
the cyclisation, and (6) when the styrene derivative is B-alkylated. 

It is likely that the cyclisation process is a slow one and the requisite styrene is therefore 
one of relatively feeble additive power. Otherwise complex heteropolymer formation 
competes too successfully with that of the naphthalene ring. This is probably the reason 
for condition 4 (b). 

Conclusions (1) and (2) are in harmony with the theory that the Diels—Alder reaction is 
initiated by an anionoid-cationoid reaction in which the diene is anionoid. In other terms 
the molecules unite by the formation or part formation of a co-ordinate link, or again the 
philodiene oxidises the diene in the ag 4 


“™ 
The hetero-enoid system, MeO cece functions to enhance the 
anionoid character of the @-unsaturated carbon. This supplies an acceptable explanation 
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of (1). In regard to (2), the m-methoxyl can have no such effect and its general inductive 
effect would be in the opposite direction. 

Similarly 4(a) is strong evidence that the cyclisation is also an anionoid reaction of the 

benzene nucleus and again this has reference only to the 

Pr C first phase of the formation of the bond in question. 


+ dc: 7a } Thus the two first phases may be combined in the 


b H yy 


i Ae ee It assumes that the diene component is the electron 
a OR GER donor and the maleic anhydride the electron acceptor ; it 

: is a homogeneous reduction of the maleic anhydride. 
But in the end the contributions of electrons of the two components to the new bonds are 
equal and therefore at a certain stage electrons must pass in the reverse direction as the 
result of a strain-relief phase or phases. 

If for simplicity of representation we take the case of butadiene, the end of a process 
such as the above-would be the following, in which the dotted lines each represent one 
electron. 


>’ annexed expression. Such a process produces strains 
NA due to the positive and negative charges on the oxygen 
atoms and to the disturbance of the aromatic nucleus. 





The necessary strain-relief is shown on the right. 

»There is one important difference between this model and our actual examples. In 
the butadiene case an electron deficit develops on the a- and 8-carbon atoms, but in 
isosafrole and similar substances this electron deficit is remedied by the electrons supplied 
by the alkoxy-groups and all that need be postulated is the development of a positive 
charge on the oxygen atoms of these groups. The above must not be taken to imply that 
we think the first phases will proceed to the end before the strain-relief operates; there 
will probably be an alternation of phases of the two types. Nor do we consider that such 
a scheme must apply to all Diels—Alder reactions, particularly with such components as 
acraldehyde or acrylic esters in which only the 6-carbon atom is essentially cationoid in 
character. There is little evidence that can shed light on the mechanism in these cases, 
but there is a theoretical possibility of a completed cycle in which one position of the diene 
and philodiene is anionoid and the other position of each is cationoid. On the other hand, 
the possibility exists that many reactions at present regarded as proceeding in a complete 
cycle with passage of a small current round the closed circuit are actually effectively homo- 
polar as the result of reversals following an original displacement. Such a view often 
combines the advantages of the simple polar mechanisms (especially the explanation of 
orientation and points of attack) with those of homopolar mechanisms (analogies with 
radical and atom reactions) (cf. Presidential Address, this vol., p. 220). The formation of 
ethylene bromide may be used in illustration of this hypothesis, which is generally applicable 
unless ions are among the products (e.g., ethylene, chlorine and water to chlorohydrin and 


hydrogen chloride). 
ie a 
H,==Br CH,Br 


3rd Phase 
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The bromine atom produced in the second phase may also attack some other ethylene 
molecule, before or after the latter has engaged a bromine molecule. Or one ethylene 
molecule may attack two bromine molecules, producing ethylene bromide and two bromine 
atoms. In considering such mechanisms in relation-to kinetics it must be recognised that 
the reactions of bromine atoms will be very rapid and that there will be some loss due to 
recombination to bromine molecules. 

A different line of investigation was instituted with a view to the synthesis of 10-hydroxy- 

O-CO.Me 3: 4-dimethoxyphenanthrene. This is required in order 

: to determine whether the hydroxycodeine of Ach and 

MeO ot ae ag Knorr (Ber., 1903, 36, 3067) is 9- or 10-hydroxycodeine. 

w tH It was proposed to add butadiene to methyl o-veratryl- 

cs ec AE idenepyruvate, reduce the double bond and keto-group of 

att) the product, and cyclise to a hydro-derivative of the 

. required phenanthrene or alternatively to dehydrogenate 

at an appropriate stage before cyclisation. The unsaturated keto-ester reacts normally with 
eyclopentadiene to yield (III), but its adduct with butadiene could not be isolated. 


EXPERIMENTAL. 


6 : 7-Methylenedioxy-3-methyl-1 : 2: 3 : 4-tetrahydronaphthalene-1 : 2-dicarboxylic Acid and 
Derivatives.—Anhydride (1). A mixture of isosafrole (13 g.), maleic anhydride (10 g.), and 
xylene (40 c.c.) was refluxed for 3 hours (the reaction was sometimes effected at 100°). The 
solid (10 g., m. p. 110—120°) that separated on cooling was collected, washed with alcohol, and 
extracted with hot chloroform. On cooling, pale yellow crystals, m. p. 138—139° separated ; 
the insoluble portion dissolved in hot pyridine, but separated on cooling as a white amorphous 
solid, m. p. above 260° (decomp.) (Found : C, 59-9; H,4:2%). This polymer was very sparingly 
soluble in most organic solvents; it dissolved in hot aqueous sodium hydroxide with part 
regeneration of its generators. The xylene mother-liquor was concentrated by distillation to 
one-fifth of its original volume, and alcohol (50 c.c.) added. This gave a pale yellow solid (5 g., 
m. p. 139—140°) identical with the chloroform-soluble material (above). The adduct (total 
yield, 40—50%) crystallised from ethylene chloride—light petroleum or from much light petroleum 
(b. p. 60—80°) in faintly yellow, slender needles, m. p. 142—143° (Found: C, 64:3; H, 4-9. 
C,,H,,0, requires C, 646; H, 46%). The fluorescein, obtained by heating with resorcinol 
and a trace of sulphuric acid, exhibited a very intense ivy-green fluorescence in alkaline solution. 
The phenylimide separated when a mixture of the anhydride (1-0 g.), aniline (0-35 g.), and 
toluene (10 c.c.) was refluxed for 1 hour. It crystallised from much alcohol in clusters of slender 
colourless needles, m. p. 243° (Found: N, 4-2. Cy 9H,,0,N requires N, 4:2%). 

The anhydride dissolved in aqueous sodium hydroxide on gentle heating and the dibasic 
acid obtained on acidification of the solution crystallised from acetic acid in fine, colourless 
needles, m. p. 143° (decomp.), being obviously converted into the anhydride (Found: C, 60-3; 
H, 5:3. C,,H,,0, requires C, 60-4; H, 5-1%). The substance is readily soluble in aqueous 
sodium carbonate and is stable to permanganate in cold solution. An attempted oxidation to 
hydrastic acid was unsuccessful, but this fact is not significant in view of the low yields of 
hydrastic acid always experienced in oxidations with hot alkaline permanganate. 

Ethyl ester. A mixture of isosafrole (18 g.) and ethyl maleate (20 g.) was refluxed for 2 
hours, and the orange-red liquid then distilled. After unchanged material the adduct was 
obtained as a viscous, pale yellow liquid, b. p. 205—210°/1-3 mm. (yield, 20%). The substance 
crystallised in contact with alcohol and separated from this solvent in prisms, m. p. 92—93° 
(Found: C, 64-7; H, 6-6. C,,H,,O, requires C, 64-6; H, 66%). Hydrolysis with alcoholic 
potassium hydroxide, followed by acidification and heating, gave the anhydride, m. p. 142— 
143°, which did not depress the m. p. of an authentic specimen. 

Dehydrogenation. The anhydride (6 g.) and flowers of sulphur (1-4 g.) were heated together 
at 185—190° for 1}hours. The cooled mass was broken up and extracted with alcohol (Soxhlet). 
The dark red solution deposited crystals on cooling and the substance was recrystallised from 
dioxan, being obtained in pale yellow, slender needles, m. p. 237° (Found: C, 60-9; H, 3-4; 
S, 6-4%). The substance is not affected by boiling aqueous sodium sulphite. It dissolves 
slowly in boiling aqueous sodium hydroxide and the solution on cooling and acidification gives 
a colourless precipitate. On heating, this turns yellow (anhydride formation ?) and some 
sulphur dioxide is evolved. Ina similar experiment at a higher temperature a different product 
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was obtained; yellow needles, m. p. 235—236°, from acetic acid (Found: C, 57-5; H, 3-0; 
S, 13-3%). , 

The dehydrogenation proceeded rapidly when the anhydride was heated with palladised 
charcoal. A mixture of the adduct (0-3 g.) and the catalyst (0-1 g., prepared according to Diels 
and Gadke, loc. cit.) was gradually heated to 300° in a stream of carbon dioxide. After } hour, 
the product, which had largely sublimed, was collected and crystallised from acetic acid, being 
obtained as golden-yellow needles, m. p. 242—243° (Found : C, 65-7; H, 3-5. C,,H,O, requires 
C, 65-6; H, 3-1%). : 

6 : 7-Methylenedioxy-3-methylnaphthalene-| : 2-dicarboxylic acid anhydride dissolves in hot 
aqueous sodium hydroxide and a colourless acid is obtained on acidification. This becomes 
yellow when the solution is heated, due to conversion into the anhydride. The latter substance 
was also obtained by heating piperonylallylene (5-8 g.) (Foulds and Robinson, J., 1914, 105, 
1964) in xylene (20 c.c.) with maleic anhydride (2-9 g.) at 150° for 2 hours. Unchanged material 
was removed by distillation, and the dark red residue triturated with ether. The yellow solid 
so obtained crystallised from acetic acid in yellow needles, m. p. 238° (Found : C, 65:4; H, 3-4%). 

6 : T-Methylenedioxy-3-methyl-3 : 4-dihydronaphthalene-1 : 2-dicarboxylic Acid Anhydride.— 
A mixture of isosafrole (4-5 g.) and ethyl acetylenedicarboxylate (5-0 g.) became immediately 
deep red, but no adduct could be isolated and the liquid was heated on the steam-bath for 1 
hour and at 200° for 5 minutes. On cooling, yellow needles (0-5 g.) separated; the substance 
was recrystallised from methyl alcohol, being obtained in a similar form, m. p. 178° (Found : 
C, 65:3; H, 4-1. C ,H,,0, requires C, 65-0; H, 3-9%). The corresponding colourless dicar- 
boxylic acid, obtained in the usual way, reverted to the yellow anhydride on heating in aqueous 
acid solution. The original filtrate, which doubtless contained more of this substance, was 
inadvertently lost. 

Ethyl 7-Benzoyloxy-6-methexy-3-methyl-1 : 2: 3 : 4-tetrahydronaphthalene-1 : 2-dicarboxylate.— 
A mixture of isoeugenol (14 g.) and ethyl maleate (15 g.) was refluxed for 4 hours and distilled. 
Unchanged substances, b. p. 95—120°/1-5 mm., were first obtained and then the adduct (7 g.), 
b. p. 2836—237°/1-5 mm., came over as a viscous oil that set to a glassy mass and could not be 
crystallised. The substance is readily soluble in cold aqueous sodium hydroxide and its alcoholic 
solution develops a dark green coloration on the addition of ferric chloride. The benzoyl deriv- 
ative, prepared by the Schotten—Baumann method, crystallised from alcohol in white prisms, 
m. p. 117—118° (Found: C, 68-1; H, 6-5. C,,H,,O, requires C, 68-2; H, 6-4%). 

Derivatives of 6: '1-Dimethoxy-3-methyl-1 : 2:3 : 4-tetrahydronaphthalene-1 : 2-dicarboxylic 
Acid.— Anhydride (II). A mixture of O-methylisoeugenol (24 g.), maleic anhydride (18 g.), and 
xylene (50 c.c.) was refluxed for 5 hours and kept for 2 days; xylene (45 c.c.) was then distilled. 
The residue, an orange-red, glassy mass, was boiled with alcohol (200 c.c.) ; a solid then separated 
(30 g., m. p. 101—103°). This was dissolved in chloroform and a little light petroleum added to 
precipitate a small quantity of polymeric material. The adduct was recovered from the filtrate 
and crystallised from acetic anhydride, or from a relatively large volume of light petroleum 
(b. p. 80—100°). It formed short, pale yellow prisms, m. p. 107° (Found: C, 65-3; H, 5-8. 
C,,H,,O, requires C, 65-2; H,5-8%). The behaviour with hot alkaline solutions and subsequent 
acidification is like that of the adduct from isosafrole. The acid is stable to cold alkaline per- 
manganate. The phenylimide crystallised from alcohol—chloroform (9 : 1) in colourless needles, 
m.-p. 163° (Found: N, 3-8. C,,H,,;0;N requires N, 3-8%). 

Oxidation. Aqueous potassium permanganate (160 c.c. of 10%) was gradually added to a 
boiling solution of the acid (from 10 g. of anhydride) in aqueous sodium carbonate. When all 
the permanganate was reduced, the solution was filtered, saturated with ammonium sulphate, 
and exhaustively extracted with ether (20 extractions). The acid in the ether was isolated 
and mixed with aqueous ethylamine (10%), and the solution distilled, finally at 6 mm. pressure. 
The solid distillate crystallised from alcohol in white prisms, m. p. 228° alone or mixed with 
authentic metahemipinethylimide (Found: C, 61-0; H, 5-7. Calc. for C,,H,,O,N: C, 61-3; 
H, 5-5%). 

Ethyl ester. A mixture of O-methylisoeugenol (24 g.) and ethyl maleate (22-5 g.) was refluxed 
for 6 hours and distilled. Unchanged material (15 g., b. p. 80—110°/1 mm.) was followed by 
the adduct (21 g.), a yellow oil, b. p. 212—214°/1-5 mm. After some weeks the substance 
crystallised in white needles, m. p. 70° (Found: C, 65-4; H, 7-2. Cy, sH,,O, requires C, 65-2; 
H, 75%). The reaction between O-methylisoeugenol and ethyl maleate is reversible. The 
yield never exceeds 50% and if the adduct is heated it reverts to some extent into its generators. 

Dehydrogenation of this ester was effected in the usual manner by heating with palladised 
charcoal. The product (yield, 50%), 6 : 7-dimethoxy-3-methylnaphthalene-1 : 2-dicarboxylic acid 
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anhydride, crystallised from ethylene chloride in small, yellow prisms, m. p. 250—251° (m. p. 
251—252° from acetic acid) (Found: C, 65-6; H, 4-6. C,,H,,O, requires C, 66-1; H, 4:5%). 
The corresponding acid is colourless and becomes yellow and insoluble in cold aqueous alkalis 
on heating in suspension in acid solution. 

6-Methoxy-7-ethoxy-3-methyl-1 : 2: 3 : 4-tetrahydronaphthalene-1 : 2-dicarboxylic Acid and De- 
vivatives—We are indebted to Dr. T. F. West for specimens of cis- and tvans-O-ethylisoeugenol, 
the separation of which he has described (J. Soc. Chem. Ind., 1939, 59, 27517). The tvans- 
compound, m. p. 64°, gave only heteropolymers with maleic anhydride under varied conditions. 
With ethyl maleate, substances, b. p. 190—210°/0-3 mm. and b. p. 210—220°/0-5 mm., were 
obtained. These b. p. ranges are approximately those anticipated for the 1: l-adduct (see 
below), but neither the products themselves nor the acids obtained on hydrolysis could be 
crystallised. Analysis of these fractions gave results low in carbon content. On the other 
hand the cis-isomer (b. p. 256—257°) behaved like O-methylisoeugenol. 

The condensation with maleic anhydride (1-25 mols.) was carried out in boiling xylene 
solution (5 hours), and the product separated by distillation (b. p. 200—240°/0-5 mm.) and 
purified by successive crystallisation from acetone, benzene, and benzene-light petroleum. It 
was obtained in pale yellow prisms, m. p. 130—131° (Found: C, 66-1; H, 6-1. C,,H,,0, 
requires C, 66-2; H, 6-2%). The yield was 40—50% and very little polymer was formed. The 
mother-liquors contained a dark yellow, uncrystallisable oil. This anhydride closely resembles 
the analogous substances described above in its properties. 

Ethyl ester. An equimolecular mixture of cis-O-ethylisoeugenol and ethyl maleate was 
refluxed for 4 hours and distilled. The fractions were: up to 130°/0:25 mm. (unchanged 
materials) ; a thick yellow oil, b. p. 186—205°/0-5 mm.; a thick yellow oil, b. p. 205—220°/0-5 
mm. The last fraction could not be crystallised, but the second solidified partly on keeping at 
0° and the solid was separated and crystallised from methyl alcohol (yield, 20%), being obtained 
in white needles, m. p. 105—106° (Found: C, 65-5; H, 7-4. Cyp9H,,O, requires C, 65-9; H, 
7:8%). Hydrolysis with alcoholic potassium hydroxide and acidification afforded the dicarboxylic 
acid, which crystallised from aqueous acetic acid in colourless needles, m. p. 208—209° (decomp. 
to yellow oil) (Found: C, 62-4; H, 6-7. C,,H,.O, requires C, 62:3; H, 6-6%). In this as in 
other cases there is a possibility of the formation of stereoisomerides and perhaps of structural 
isomerides also, so the total yields of adducts cannot be justly estimated from the amounts of 
the homogeneous products isolated. In almost all of the reactions there was evidence of the 
formation of by-products. 

5 : 6-Dimethoxy-3-methyl-1 : 2 : 3 : 4-tetrahydronaphthalene-1 : 2-dicarboxylic Acid Anhydride. 
—A mixture of 2 : 3-dimethoxypropenylbenzene (15 g.) (Douetheau, Bull. Soc. chim., 1912, 11, 
656. Cf. Klages and Epplesheim, Ber., 1903, 36, 3591), maleic anhydride (9 g.), and xylene 
(25 c.c.) was refluxed for 5 hours, and xylene (20 c.c.) then removed by distillation. The orange- 
red oil was triturated with alcohol (100 c.c.), anda pale yellow, amorphous heteropolymer (1 g., 
m. p. 180—200°) collected. The filtrate was diluted with water, and the precipitated oil 
separated, dried, and distilled. After unchanged material (up to 260°) had been removed, the 
residue was a glassy mass that solidified When ground with alcohol. The substance (1 g.) was 
crystallised from acetic anhydride and then from chloroform-light petroleum and was obtained 
in slender needles, m. p. 159—160° (Found: C, 64-6; H, 5-8. C,;H,,O, requires C, 65-1; H, 
58%). The properties of the substance closely resembled those of the 6: 7-dimethoxy- 
analogue. 

1-Piperonyl-A1-pentene.—The action of u-butylmagnesium bromide on piperonal, carried 
out in the usual way, gave a mixture of products. These included piperonylpentene, piperonyl- 
butylcarbinol, probably piperonyl alcohol (so-called, really piperonylcarbinol), and a substance, 
b. p. 206—208°/1 mm. (Found: C, 71-9; H, 7:3. C,H 390, requires C, 72-3; H, 7-6%), which 
is probably piperonylbutylcarbinyl ether. As this substance decomposed at 250—300° to a 
mobile oil and water and as the carbinol would also decompose under such conditions, the whole 
product (from piperonal, 40 g., »-butyl bromide, 37 g., and magnesium, 8 g.) was isolated, boiled 
for a short time until decomposition appeared to be complete, and then distilled at the ordinary 
pressure, the fraction (20-5 g.), b. p. 273—-276°, being collected (Found: C, 75-6; H, 7-6. 
C,,H,,O, requires C, 75-8; H, 74%). Piperonylpentene was obtained as a very pale yellow oil 
with a safrolaceous odour. 

6 : 7-Methylenedioxy-3-propyl-1 : 2: 3: 4-tetrahydronaphthalene-1 : 2-dicarboxylic Acid An- 
hydride.—The adduct from piperonylpentene and maleic anhydride was obtained in the usual 
manner. The yield was about 10%, but very little heteropolymer was formed. The substance 
crystallised from ethylene chloride—light petroleum (b. p. 40—60°, 20:1) in faintly yellow 
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prisms, m. p. 138° (Found: C, 66-0; H, 5-8. C,,H,,O, requires C, 66-6; H, 56%). This 
anhydride exhibits the usual properties of its class. 

Negative Results and Notes on Substances Employed.—No adducts were obtained from isosafrole 
and acraldehyde, isosafrole and p-benzoquinone (colour developed), isosafrole and «-naphtha- 
quinone (colour developed), ethyl piperonylacrylate (m. p. 68—69°; lit., m. p. 67—68°) and 
maleic anhydride, 8-bromopiperonylethylene and maleic anhydride, piperonylacetylene and 
maleic anhydride, m-hydroxystyrene and maleic anhydride, m-methoxystyrene with maleic 
anhydride (a very small amount of heteropolymer) and with ethyl maleate, m-methoxypropenyl- 
benzene with maleic anhydride and with ethyl maleate, and it may be mentioned, phthalic 
anhydride and cyclopentadiene. ; ; 

m-Methoxystyrene was prepared by the method of Klages and Epplesheim (loc. cit.). These 
authors state that it has b. p. 89—90°/14 mm., but we find b. p. 90°/5 mm., which is in better 
accord with analogies. The decarboxylation of m-methoxycinnamic acid does not provide a 
satisfactory alternative method of preparation. Direct heating (cf. Organic Syntheses, Collected 
Vol., p. 430) and heating in diphenylmethane gave negligible yields and the best procedure was 
to heat the acid with copper chromite, Even in this way 10 g. of the acid gave only 2 g. of 
methoxystyrene. 

m-Hydroxystyrene has been obtained by Komppa (Ber., 1893, 26, 677) from m-aminostyrene. 
We prepared it by the usual application of the Grignard reaction. m-Hydroxybenzaldehyde 
was benzoylated by the Schotten—Baumann process; the benzoyl derivative crystallised from 
aqueous alcohol in stout needles; m. p. 47°, and formed a semicarbazone which crystallised from 
methyl alcohol in slender, colourless needles, m. p. 209° (Found: N, 15-0. C,;H,,;0,N, requires 
N, 14:8%). In the Grignard reaction m-benzoyloxybenzaldehyde (50 g.), methyl iodide (33 g.), 
and magnesium (5-5 g.) were used. The fraction of the product, b. p. 180—210°/16 mm., 
nearly all having b. p. 205—208°, was collected (yield, 50%). This was hydrolysed by means of. 
aqueous alcoholic potassium hydroxide, and the phenol liberated from the diluted solution by 
carbon dioxide. The hydroxystyrene had b. p. 119—120°/16 mm. (Komppa gives b. p. 114— 
116°/16 mm.) and was a colourless oil that rapidly polymerised when exposed to the air. 

m-Methoxypropenylbenzene has been prepared by Moureu (Bull. Soc. chim., 1893, 15, 1024) 
by Perkin condensation of m-methoxybenzaldehyde and propionic anhydride, but no b. p. was 
recorded. Applying the method of Klages and Epplesheim (loc. cit.) for m-methoxystyrene and 
using ethylmagnesium iodide instead of methylmagnesium iodide, we obtained it in 60% yield 
as a colourless oil, b. p. 128—129°/20 mm. 

Piperonylacetylene was prepared by the method of Feuerstein and Heimann (Ber., 1901, 
34, 1469) in 45% yield. These authors apparently did not isolate the pure compound but 
characterised it by a silver derivative. It is a colourless liquid, b. p. 90°/3 mm. 

o-Veratrylmethylcarbinol was obtained in 50% yield by the action of methylmagnesium 
iodide on o-veratraldehyde. It is a colourless, viscous oil, b. p. 151—152°/15 mm. in agreement 
with Pauly and Buttlar (Annalen, 1911, 383, 284). It was dehydrated on distillation in steam 
to 2 : 3-dimethoxystyrene, but this substance was so readily oxidised or polymerised in contact 
with air that it was not obtained quite pure (Found: C‘ 72-1; H, 7-5. Cy 9H4,O, requires C, 
73-2; H, 7-3%). 

Reaction of Maleic Anhydride with p-Methoxystyrene and 3 : 4-Methylenedioxystyrene.—No 
simple 1 : 1 adduct was formed in either case. Apparently the same substance is formed when 
a benzene solution of equimolecular proportions of p-methoxystyrene and maleic anhydride is 
heated on the steam-bath for 15 minutes or kept in the cold for 65 hours. In the latter case 
5 g. of methoxystyrene afforded 6-2 g. of a white, amorphous solid (Found : C, 63-2, 64-7, 63-8; 
H, 4-9, 5-1, 5-3%). This heteropolymer is soluble in hot aqueous alkalis (absence of methoxy- 
styrene polymerides) and in ethyl acetate, but all attempts to crystallise it were fruitless. These 
observations are reported by Dr. L. Golberg. Condensation of 2 mols. of p-methoxystyrene 
with 3 mols. of maleic anhydride gives C,,H,,0,,, which requires C, 64:0; H, 46%. . 

A solution of methylenedioxystyrene (10 g.) and maleic anhydride (7 g.) in benzene (100 c.c.) 
was kept for 24 hours at 0°. The solution was concentrated and a white powder separated ; 
it was collected and washed with benzene, m. p. ca. 250° (yield, 80%) (Found: C, 65-5; H, 
4-1%; M, cryoscopic in camphor, 482). The same substance was obtained when a solution 
of the above quantities of the components in toluene (500 c.c.) was kept at 0° for 4 days. It is 
apparently not a very complex polymer; the molecular weight estimation agrees with the 
formula C,,H,,049 (MM, 492), but the carbon estimation is 3% too high for this; the ratio appears 
to be between 2: 2 and 2:3. The substance is insoluble in most organic solvents but dissolves 
readily in acetone and is sparingly soluble in s-tetrachloroethane. A dilute solution in this 
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solvent does not decolorise bromine. It dissolves readily in aqueous ammonia and slowly in 
boiling aqueous sodium hydroxide. Acidification of the solution precipitates a white, amorphous 
solid and, on boiling, some methylenedioxystyrene is regenerated. The polymer is of a similar 
type to those obtained from stilbene and other arylated ethylenes by Kuhn and Wagner- 
Jauregg (Ber., 1930, 63, 2662). 

Action of Maleic Anhydride on Anethole.—This experiment was performed under a variety 
of conditions, of which one example is given. In no case was any simple 1 : 1 adduct obtained. 
A mixture of anethole (15 g.), maleic anhydride (10 g.), and xylene (30 c.c.) was kept for several 
weeks at room temperature. The amorphous, white precipitate was collected, washed with 
benzene and alcohol, and thoroughly freed from solvent. The substance had m. p. 153—154° 
and was readily soluble in ethylene chloride, sparingly so in acetic acid and chloroform (Found : 
C, 66-4; H, 5-3. 4C, 9H,,0,5C,H,O, or C,9H;,0,, requires C, 66-5; H, 5-4%). When the 
components were heated together with or without a solvent, a more complex polymer, eithe 
leathery or jelly-like, was obtained. Trituration with alcohol gave a white powder, m. p. ca. 
250°. All these substances have the properties of acid anhydrides. 

Methyl Benzylidenepyruvate.—The esterification of benzylidenepyruvic acid (Erlenmeyer, 
Ber., 1903, 36, 2528) and similarly constituted acids is very difficult and in some cases the 
appropriate conditions have not been found. In this example the acid (19 g.) was refluxed for 
4 hours with methyl alcohol (65 g.) containing hydrogen chloride (3 g.). The product (yield, 
55%) had b. p. 184—186°/4 mm. and solidified; it separated from benzene~—light petroleum in 
yellow crystals, m. p. 74—75° (Found: C, 69-6; H, 5-4. C,,H,,O, requires C, 69-4; H, 5-3%). 
When the ester (5 g.) was shaken with cyclopentadiene (10 g.) and a little methyl alcohol for 2 
days, the solution had become colourless. Nevertheless it was not found possible to isolate the 
adduct. It was hydrogenated (palladised charcoal and 2—3 atms. pressure) in methyl-alcoholic 
solution, and the product hydrolysed. The oily acid could not be crystallised, but it yielded a 
semicarbazone that crystallised from methyl alcohol in white needles, m. p. 207—208° (decomp.) 
(Found: N, 12-4. C,,H,,0,;N;,CH,O requires N, 12-7%). 

Methyl 2 : 3-Dimethoxybenzylidenepyruvate.—Aqueous sodium hydroxide (70 c.c. of 10%) 
was added to a mixture of o-veratraldehyde (20 g.) and pyruvic acid (10 g.), which was kept at 
20—30° and stirred for 2 hours. The filtered solution was acidified, and the solid collected and 
crystallised from aqueous alcohol (3:1), being obtained in small, yellow needles, m. p. 136° 
(yield, 40%). The methyl ester, obtained in 50% yield by following the procedure described 
above, had b. p. 188—189°/0-4 mm. and crystallised from aqueous methyl alcohol in yellow 
needles, m. p. 63° (Found: C, 62-6; H, 5-8. C,,;H,,0O, requires C, 62-4; H, 5-6%). 

Methyl 5-0-Veratryl-3 : 6-methylene-A}-cyclohexene-4-oxalate (III).—A mixture of the fore- 
going ester (1-0 g.), cyclopentadiene (5 g.), and alcohol (0-5 g.) at room temperature was 
mechanically agitated for 2days. The solution was cooled to — 14°, and chilled light petroleum 
(50 c.c. of b. p. 60—80°) added. After keeping in the refrigerator, colourless prisms separated. 
These were collected and dried, m. p. 74—75° (yield, 50%) (Found: C, 68-4; H, 6-4. C,,H 90, 
requires C, 68-3; H, 6-4%). 

A description of our further experiments in this field is reserved because the interest is not 
connected with the main topic of this communication, 


The authors thank the Department of Scientific and Industrial Research for a Senior Award 
made to one of them. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 11th, 1941.] 





128. The Mobility of Groups in Chloronitrodiphenylsulphones. 
By James D. Loupon and NATHAN SHULMAN. 


In continuation of previous work the vicinally substituted sulphones (I) and (IX) 
have now been examined, and the table contains a general summary of the groups 
principally replaced by the action of four different reagents on the various sulphone 
types. The results show that the behaviour of these compounds is highly complex, 
the preferred centres of reaction varying with the arrangement of substituents and 
also with the reagent employed. It is suggested that steric inhibition of resonance 
is an important factor in reactions of this'type and'that it contributes to some of the 
contrasts encountered. 
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Eacu of the three substituents in the main nucleus of homonuclear chloronitrodiphenyl- 
sulphones is potentially a stable anion and, when suitably activated, can be replaced in 
reactions with anionoid reagents. Two of the substituents (vtz., NO, and SO,R) by their 
capacity to activate the respective 0p-positions supply the primary orienting influences 
for these reactions. In chlorodinitrobenzenes the mobility of substituents is similarly 
conditioned but considerably less complex, since the variety of substituents is smaller 
and the primary orienting influence is always vested in a nitro-group. It is of interest, 
therefore, to compare the reactions of the two sets of compounds and with this purpose 
we have examined the behaviour of the vicinally substituted sulphones (I) and (IX), 
thereby supplementing the results of previous work which is summarised in the table 
below. 
S°C,H, ' $0,°C,H, SO,°C,H, 


ci’ \NO, =—> Cl’ \NO, —> C;H,N/ NO, 


(III.) 


(IV.) (VII.) 
(VIII; NH, for NO,.) 

The sulphone (I) was obtained by oxidising the corresponding sulphide (II), produced 
either from 2 : 3-dichloronitrobenzene or from 2 : 3-dinitrochlorobenzene in reaction with 
the sodium salt of thio-p-cresol; the sulphone itself was reconverted into the sulphide by 
the same reagent. Piperidine attacked the chlorinated centre in (I) yielding the piperidino- 
derivative (III), whereas ammonia replaced the nitro-group, giving the amine (IV), which 
was also obtained when (I) was reduced. All three possible products were formed by the 
action of sodium methoxide on (I); 2-chloro-6-nitroanisole (V) was isolated only in small 
yield, the bulk of material consisting.of a difficultly separable mixture (VI and VII), from 
which, after reduction, 2-amino-6-methoxy-4'-methyldiphenylsulphone (VIII) and 2-chloro- 
6-methoxy-4'-methyldiphenylsulphone (V1), the chief product, were isolated. 


NO, NO, NO, 


ass ci’ \s0,C,H, __. Coll POvCt 
{ x 


From the isomeric sulphone (IX) (Loudon, J., 1940, 1525) piperidine replaced the 
chlorine atom, forming (XII), the reaction being the slowest between this reagent and any 
sulphone of the series examined. Sodium methoxide and methyl-alcoholic ammonia 
brought about replacement of the nitro-group, giving the products (XIII) and (XIV) 
respectively, the latter being obtained also when (IX) was reduced. The compound (XI) 
was the chief product from the action of alkaline thio-p-cresol on (IX) and was accom- 
panied by the dithio-ether (X). The production of the latter compound recalls its ready 
formation at the expense of 3-chloro-2-nitro-4’-methyldiphenyl sulphide in the reaction 
between 2 : 6-dinitrochlorobenzene and the mercaptide (loc. cit.), but we were unable to 
determine whether here, in the initial stage from (IX), the chloro- or the sulphonyl group 
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was preferentially replaced. The justification of the. 2-nitro-3-aminodiphenylsulphone 
structure assigned to an amine previously reported (Loudon, J., 1939, 902; compound 
XV) consists in. its conversion by the Sandmeyer reaction into 3-chloro-2-nitrodiphenyl- 
sulphone and in the analogous production of the dithio-ether (X) from the reaction of the 
latter compound with the sodium salt of thio-p-cresol. 

Eight of the ten possible types of homonuclear chloronitrodiphenylsulphones have now 
been investigated. The missing types are 2-chloro-3-nitrodiphenylsulphone, in which 
only chlorine mobility is to be expected [cf. nos. (i) and (ii) of table], and 3-chloro-5- 
nitrodiphenylsulphone, the unique features of which adumbrate an order of reactivity . 
quite distinct from that of its isomers. Although the compounds examined have not been 
strictly isomeric, the second aromatic nucleus (R in the table) comprising a phenyl or 
p-tolyl residue according to convenience in synthesis, yet the distinction is slight and may be 
ignored in comparing preferred centres of mobility, since these are very little affected even 
by profound modification of the sulphonyl component (Loudon and Shulman, J., 1938, 
1618). The table contains a summary of the groups principally replaced by the action 
of four reagents on the different sulphone types (i)—(viii), a double entry denoting con- 
current (formally bimolecular) reactions. The first two sulphones may be dismissed from 
further discussion, since they show exclusive replacement of halogen in normal consequence 
of the cumulative orienting effects of the nitro- and the sulphonyl group. In the other 
cases, (iii)—(viii), however, the orienting influences compete with each other and the results 
clearly show the capacity of sulphony] to sustain its challenge to the nitro-group for control 
of the centre or centres of reaction. The significance of this fact—and of the high degree 
of reactivity displayed by the compounds in general—has already been discussed by Holmes 
and Loudon (J., 1940, 1521). 

TABLE. 
NaSR. NaOMe. NH;. C,H, NH. Ref. 


Cl Cl J., 1936, 218 
cl Cl i 

SO,R § J., 1939, 902 
Cl(NO,) 


This paper 


CI(NO,) J., 1937, 242; 1939, 1618 
Cl . J., 1937, 242 
R NO,(Cl) Cl This paper 


* Holleman and ter Weel, Rec. 
Trav. chim., 1915, 35, 44 


¢ Korner and Contardi, Atti R. 
t1-NO,(Cl) Accad. Lincei, 1914, 28, i, 5a, 
284 


1-NO, *1-NO, — 


t NO, replaced by OMe from solvent. ‘Substituents numbered from the extreme left. 
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In so far as it exerts an electromeric effect, a chloro-substituent should oppose the 
influence of a m-situated cationoid group by causing a relative reduction of cationoid 
character at the of-centres, and hence should favour orientation by the nitro-group in 
(iii)—-(v), and by the sulphonyl group in (vi)—(viii). This expectation is only fulfilled in 
a general sense, for although the sulphonyl group maintains a consistently high level of 
effectiveness in (vi)—(viii), the influence of the nitro-group declines from (iii) to (v) and a 
similar decline affects the corresponding 1-nitro-group in chlorodinitrobenzenes, (ix)— 
(xi). The most striking contrast between the two groups is furnished by the marked 
loss in relative power incurred by the nitro-group following the transfer of chlorine from 
the #-position in (iii) to the o-position in (v), and by the unimpaired efficiency of the 
sulphonyl group in the corresponding change from (vi) to (viii). It is apparent, however, 
that the reagent plays a very important part in determining the centres of reaction and, 
within the narrow compass of the present work, several different tendencies may be noted. 
For instance, with a single partial exception the mercaptide reagent attacks centres 
activated by the nitro-group, whereas piperidine, irrespective of the orienting influence, 
shows a consistent preference for replacing chlorine. Less consistently, the other two 
reagents tend to replace the nitro-group, the reactions being oriented by the sulphonyl 
substituent, but no general correlation of the reagent effects can be attempted with the 
data available. - 

Note on the Effect of Inhibited Resonance.—The contrast between the orienting powers 
of the nitro-group in (v) and the sulphonyl group in (viii) raises a point of general interest. 
Kenner has suggested that a nitro-group owes its pre-eminence as an activator to its 
capacity to form a preliminary union with the reagent, the process being subject to steric 
hindrance from o-substituents (J., 1914, 105, 2717). Hampson and his collaborators have 
recently adduced evidence supporting the view that resonance between a nitro-group 
and a benzene nucleus is sterically inhibited by two o-methyl groups (J., 1937, 10; 1939, 
981). Inhibited resonance arising from similar causes would account for the weaker 
orienting power, and hence for the preferred mobility of the nitro-group, marked (*), 
in such cases as 2* : 3-dinitrochlorobenzene, 2* : 3-dinitrotoluene (Kenner and Parkin, 
J., 1920, 117, 852) and 2* : 3-dinitroanisole (Vermeulen, Rec. Trav. chim., 1906, 25, 12) ; 
and again, for the impaired power of the nitro-group as expressed by the reduced halogen 
mobility in 2 : 6-dichloronitrobenzene compared with its reactive isomers (Holleman and 
de Mooy, ibid., 1915, 35, 19), in 3-chloro-2 : 6-dinitro- compared with 2-chloro-3 : 5-dinitro- 
or 5-chloro-2 : 4-dinitro-toluene (Lindemann and Pabst, Amnalen, 1928, 462, 24) and in 
3-chloro-2-nitro- compared with 3-chloro-4-nitro- or 3-chloro-6-nitro-anisole (Hodgson 
and Handley, J., 1926, 542). Since between the sulphonyl group and the nucleus only an 
inductive effect can operate if the sulphur octet is to be preserved, the argument also 
accommodates the efficiency of the sulphonyl group in (viii) contrasted with the weakness 
of the nitro-group in (v). Baddeley (Nature, 1939, 144, 444) has applied the concept of 
inhibited resonance to a number of “ ortho-phenomena”’ arising from a single o-sub- 
stituent, and the present aspect may be illustrated by the preferred centres of mobility 
in 2* : 5-dinitrotoluene (Kenner and Parkin, Joc. cit.) and in 2* : 5-dinitrochlorobenzene. 
Nevertheless, in such cases the inhibition must be considerably reduced in importance 
relative to other factors in the reactivity (cf. Lewis and Seaborg, J. Amer. Chem. Soc., 
1940, 62, 2122) and is an insufficient guide for comparisons between molecules such as 
o- and #-chloronitrobenzenes, where the order of reactivity varies with the reagent (cf. 
de Mooy, loc. cit.; Brewin and Turner, J., 1928, 332), or for the Smiles rearrangement in 
which an 0- is more effective than a p-nitro-group (Levi and Smiles, J., 1932, 1488). 


EXPERIMENTAL. . 


2-Chloro-6-nitro-4'-methyldiphenyl Sulphide (I1).—2 : 3-Dichloronitrobenzene (or 2 : 3-dinitro- 
chlorobenzene) dissolved in warm alcohol was treated with a solution of the sodium salt of 
thio-p-cresol (1 mol.) in aqueous alcohol. The oil which was formed solidified and was 
crystallised from alcohol, giving yellow plates, m. p. 69—70° (Found: N, 5-2. C,;H,,0O,NCIS 
requires N, 5-0%). The corresponding sulphone (I), prepared by oxidation with hydrogen 
peroxide in acetic.acid, formed colourless prisms, m. p. 139°, from acetic acid (Found: N, 4-6. 








726 The Mobility of Groups in Chloronitrodiphenylsulphones. 


Ci3H;,0,NCIS requires N, 46%) and regenerated the sulphide (II) when treated with 
mercaptide in alcohol—dioxan. 

6-Nitro-2-piperidino-4'-methyldiphenylsulphone (III), long yellow needles, m. p. 171°, was 
obtained when (I) was warmed for a few minutes with piperidine (Found : N, 7-75. C,sH,.,.0,N,S 
requires N, 7-8%). Nitrite ions were also produced in the reaction. 

2-Chloro-6-amino-4'-methyldiphenylsulphone (IV) was obtained from the sulphone (I), (a) 
by heating with ammonia in methyl alcohol at 160° for 5 hours, and (b) by reduction with 
stannous chloride—hydrochloric acid in acetic acid. The purified product in each case had m. p. 
and mixed m. p. 134—135° from alcohol (Found: C, 55-3; H, 4:3; N, 5-2. C,,;H,,O,NCIS 
requires C, 55-4; H, 4:3; N, 5-0%). The crude product from (a), after one crystallisation, 
was yellow and had a slightly higher nitrogen content (5-7%), which, together with the pro- 
duction of chloride ions during the reaction, suggests the formation of some 2-nitro-6-amino- 
4’-methyldiphenylsulphone. 

Action of Sodium Methoxide on the Sulphone (1).—A solution of (I) and sodium methoxide 
in methyl alcohol—dioxan was heated for 14 hours. Gradual addition of water gave a large 
fraction consisting of a colourless solid of m. p. 110° (from methyl alcohol), followed by a very 
soluble fraction, slender needles, from methyl alcohol, identified by m. p. and mixed m. p. 
54—55° as 2-chloro-6-nitroanisole. Although the fraction of m. p. 110° had practically a con- 
stant m. p., its analysis. suggested that it was a mixture (N, 1-5%) and consequently it was 
reduced by stannous chloride and anhydrous hydrogen chloride in acetic acid. The product 
obtained on pouring the reaction mixture into water was extracted with concentrated hydro- 
chloric acid, and the insoluble residue was crystallised from benzene-ligroin, giving 2-chloro- 
6-methoxy-4'-methyldiphenylsulphone, m. p. 102° (Found: C, 56-7; H, 4:3. C,,H,,0,CIS 
requires C, 56-7; H, 4.4%). The combined mother-liquors from the reduction and the acid 
extract were made strongly alkaline and extracted with benzene, from which 2-amino-6-methoxy- 
4'-methyldiphenylsulphone was obtained by evaporation; it had m. p. 158°, from benzene— 
ligroin (Found: N, 5-0. C,,H,,0,NS requires N, 5-05%). 

3-Chloro-2-nitrodiphenylsulphone was prepared from 2-nitro-3-aminodiphenylsulphone (J., 
1939, 902) by Hodgson and Walker’s modification of the Sandmeyer reaction (J., 1933, 1620). 
It formed small, compact crystals, m. p. 144°, from acetic acid (Found: N, 4-9. C,,H,O,NCIS 
requires N, 4:7%) and, when warmed in aqueous alcohol with 2 mols. each of thio-p-cresol and 
sodium hydroxide, gave a precipitate of 2 : 6-di-(p-tolylthio)nitrobenzene (X), m. p. and mixed 
m. p. 167—168° (other products, cf. below, were not examined). 

3-Chloro-2-p-tolylthio-4'-methyldiphenylsulphone (XI).—A solution of 3-chloro-2-nitro-4’- 
methyldiphenylsulphone (IX), thio-p-cresol, and sodium methoxide (mol. propns.) in aqueous- 
alcoholic dioxan was kept for one week at room temperature. The crystalline deposit, consist- 
ing of a mixture of yellow needles and colourless cubes, was dissolved in warm alcohol—dioxan, 
and the solution was seeded with one of the colourless crystals, whereupon the product (XI) 
separated. It formed highly refractive cubes, m. p. 153—154° (Found: C, 61-9; H, 4-6. 
C,9H,,0,CIS, requires C, 61-8; H, 44%). The yellow needles, recovered from the mother- 
liquor, were identified as (X). Repeated search disclosed no other product of the reaction, 
and similar results were obtained, but with slightly increased yield of (X), when 2 mols. of 
mercaptide were employed and the reaction solution was heated for 25 mins. 

2 : 3-Di-p-toluenesulphonylchlorobenzene, m. p. 229° from acetic acid, was obtained by heat- 
ing (XI) with hydrogen peroxide in acetic acid (Found: C, 57:3; H, 4:2. Cg9H,,0,CIS, 
requires C, 57-1; H, 4:0%). 

2 : 6-Di-p-toluenesulphonyl-4'-methyldiphenyl Sulphide.—2 : 6-Di-p-toluenesulphonylnitro- 
benzene (J., 1940, 1525), thio-p-cresol, and sodium hydroxide were heated in alcohol—dioxan. 
The product crystallised from acetic acid in colourless flakes, m. p. 205° (Found: C, 63-7; H, 
4:9. C,,H,,0,S, requires C, 63-8; H, 4:7%). Oxidation with hydrogen peroxide in warm 
acetic acid, followed by precipitation with water, gave a colourless powder which could not be 
obtained crystalline, was very soluble in the usual solvents, and had no definitem. p. A sample 
dried over sulphuric acid gave analysis corresponding with 1 : 2 : 3-tri-p-toluenesulphonyl- 
benzene (Found : C, 59-8; H, 4-5. Calc. for C,,H,,0,S,: C, 60-0; H, 4.4%), but its properties 
are unusual. 

2 : 6-Di-p-toluenesulphonylpiperidinobenzene was obtained by refluxing 2 : 6-di-p-toluene- 
sulphonylnitrobenzene in piperidine and had m. p. 143°, from alcohol (Found: C, 64-0; H, 
5-8. C,,H,,O,NS, requires C, 64-0; H, 5-75%). 

2-Nitro-3-piperidino-4'-methyldiphenylsulphone (XII).—A solution of the sulphone (IX) 
in piperidine was heated under reflux for one hour during which piperidine hydrochloride 
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separated. The solid obtained by addition of water was crystallised from alcohol and formed 
pale yellow needles, m. p. 145°, no other product being detected (Found: C, 60-4; H, 5:8; 
N, 7:8. CygH.,O,N,S requires C, 60-0; H, 5-6; N, 7-8%). 

3-Chloro-2-methoxy-4'-methyldiphenylsulphone (XIII).—The sulphone (IX) was heated with 
sodium methoxide in methyl] alcohol and, after precipitation with water, the product crystallised 
from alcohol in colourless prisms, m. p. 108—109° (Found: C, 56-5; H, 4:25. C,,H,,0,CIS 
requires C, 56-7; H, 4-4%). 

3-Chloro-2-amino-4'-methyldiphenylsulphone (XIV).—(a) The sulphone (IX) was heated with 
methyl-alcoholic ammonia at 160—170° for 6 hours. (b) The sulphone (IX) was reduced by 
stannous chloride and hydrochloric acid in acetic acid. In each case the product had m. p. 
and mixed m. p. 114° (Found: C, 55°5; H, 4-5; N, 4:8. C,,;H,,O,NCIS requires C, 55-4; 
H, 4:3; N, 5-0%). 
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129. Electric Polarisation and Molecular Vibrations: The Ethylene 
Dithalides and Diacetyl. 


By G. I. M. Bioom and L. E. Sutton. 






















In continuation of work on anomalous polarisation, some compounds which might 
show large vibration polarisations, either independent of or varying with temperature, 
have been examined in solution at 25° and also in the vapour phase over a range of 
temperature. Fumaronitrile and succinonitrile have been examined in benzene; 
ethylene dichloride and succinonitrile in dioxan; and dimethylketazine, ethylene 
dichloride, dibromide, and dicyanide (succinonitrile) in the vapour phase. Preliminary 
results for diacetyl in the vapour phase were also obtained. 

The relative merits of two possible explanations of the temperature variation of the 
moments of such compounds have been considered on the basis of the results obtained. 
A theory that there is an equilibrium between cis- and trans-isomers predicts that the 
graph of the logarithm of the ratio of their amounts plotted against 1/T should give a 
straight line. Such lines were actually obtained. An analysis of other authors’ data 
for similar compounds in various solvents also gives straight lines. It is emphasised, 
however, that these observations do not exclude an alternative theory, viz., that there 
is restricted rotation about the tvans-position, because appropriate potential functions 
for the several substances would lead to the same results. 

It has been shown that the dipole data, like electron-diffraction data, disagree with 
the interpretation of the Raman spectra of acetylene tetrachloride and of cyclohexane 
as signifying that for these molecules there are stable isomers in which non-bonded 
atoms approach as closely as possible. It is inferred that a similar interpretation made 
in the case of ethylene dichloride may not be correct, 

If the ‘‘ tvans-vibration ” theory be accepted, the numerical results confirm the con- 
clusions of previous workers that the forces between the two rotatable halves of ethylene 
dihalide molecules are mainly “ steric ’’ forces, and that the repulsion is greater the 
larger the halogens. The planar fixation in diacetyl indicates “‘ resonance.” 

The other observations have been briefly discussed. 

















It has been pointed out by various authors that compounds in which there are large and 
equal opposed dipole moments frequently have large differences between their total and 
their electron polarisations. According to Coop and Sutton (J., 1938, 1269) these differ- 
ences arise from the bending of the dipoles from the non-polar configuration, and for each 
independent mode of such bending there is a contribution of 4xNyu?/9V,, to the total polaris- 
ation at low frequencies (u is the magnitude of the moments in question, and V is the force 
constant of bending). 


Either a classical or a quantum-mechanical treatment leads to the Sellmeier dispersion 
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formula (Van Vleck, ‘‘ Electric and Magnetic Susceptibilities,” Oxford, 1932, pp. 42—53, 
361) from which the above expression can readily be obtained for the particular case of two 
opposing but displaceable moments, », with vo, the frequency of the field used for observ- 
ation, very small relative to Y» the natural frequency of vibration of the effective charge, 
which for atom polarisations is in the infra-red range. 

If we suppose that the applied field is effectively static, it is easy to demonstrate that for 
each angular co-ordinate which is necessary to express completely the possible, independent 
modes of bending of the opposing dipoles, 0;, 0;,..... , there is a contribution 4xNy?/9,V 9, 
Ven gWVa--+s: , being the appropriate force constants. Let the deformation polarisabilities 
of a molecule along three rectangular axes be «,, «,, «,, such that the moment induced by a 
field of strength F acting along the x axis would be m = a,F; then the mean polarisability 
of a molecule in a statistical assemblage, account being taken of the effect of thermal 
agitation in keeping the polarisation axes chaotically disoriented relative to the field, is 
a = (a, -+ a, + «,)/3 (Debye, “ Polar Molecules,’ New York, 1928, p. 34). 

Now consider the contribution to the mean polarisability of onz dipolar bond in the 
molecule. If this be assumed to be able to move in one plane only, the molecule can be 
considered polarisable along one only of three rectangular axes; let us imagine the molecule 
to be so oriented that this axis, the x axis, lies along the direction of the field. The bending 
of the dipole in the field is equivalent to the movement of a charge e;, which has associated 
with it a force constant k;. If F is the field strength, Fe, = kdx,. If pu, be the moment of 
the dipole which bends, 0; its angular co-ordinate relative to some frame of reference within 
the molecule (see later), and ,V, the associated force constant; then p,d0; = dy;; and 
iV 9d0? = Rdx,?. From the latter, iV de? = Fedx,; = Fdy,; whence by the elimination 
of d6? we find p,?/;Vq = dyu,/F = ja,. 

If now there be another dipole which bends in such a way that it is equivalent to a 
charge e; moving along an axis w, in the x, y plane, making an angle ¢ with the x axis; 
then Fcos¢e;=kdw and dy,—e.dw. omg =p.d0;.cos¢. Then ,V,.d0? = 
kw? = F cos ¢ & dw = Fdy,; whence j«, = pu,” cos? /; Vo. 

It may similarly be shown that along the y axis fee - 2 sin? $/;Vo. The total mean 
polarisability of the molecule is therefore « = (ja_ + j%- + j%y)/3 = nn Vor att 2/;V9)/3; 
and consequently the total molecular polarisation, 4nNe 1/3, i 4nN(u7/iVq + 147/;V 0) /9- 

Clearly, any number of dipoles may be taken into account in this way, and no matter 
what angle their permitted movements may make with each other they all make a con- 
tribution 4xNy,?/9;V 5 for each independent angular co-ordinate needed. This is not the same 
as saying the number of dipolar bonds, for in very simple molecules one dipolar bond may 
have to serve as the frame of reference for another, as, ¢.g., in mercuric chloride; whereas 
in more complex ones the frame of reference can often be chosen outside the polar bonds, 
e.g., the benzene ring can be so used in p-dinitrobenzene, but then the polar bonds may be 
able to oscillate in more than one dimension. The molecules so far considered have had 
high degrees of symmetry, in that p and V, have been the same for all the bonds in ques- 
tion, so in these instances P = 4n€Ny?/9V,, where & is the number of co-ordinates. 
Examples of the application of this expression are to be found in the paper by Coop and 
Sutton (loc. cit.). 

Davidson and Sutton (J., 1939, 347; see also Sutton, Ann. Reports, 1940, 37, 60) have 
emphasised that the expression allows both for the polarisation caused by orientation of 
the molecule in the field while bent by thermal collision, which is often referred to as the 
orientation polarisation of a flexible molecule, and for that arising from the alteration of the 
equilibrium configurations by the field, which is usually termed the atom polarisation. This 
is because the two polarisations are statistically indistinguishable. Such polarisation 
through the displacement of atoms from their equilibrium positions may be termed 
vibration polarisation. 

The foregoing expression is deduced on the assumption that vibration is harmonic, 
and that the resultant moment of deformation is proportional to the first power of the 
displacement from the non-polar configuration. As a rule, neither assumption is valid if 
the displacement is large; but then, unless the force constant of bending is rather small, 
the potential energy is at the same time so large that only at high temperatures would 
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there be an appreciable number of molecules in such configurations. The inaccuracy of 
these simple assumptions is therefore not likely to have any noticeable effect except at high 
temperatures, and over a considerable range of lower temperatures the polarisation should 
be independent of temperature. This is true for many of the molecules examined (Coop 
and Sutton, loc. cit.), but the polarisations of some molecules of the type of ethylene di- 
chloride have been found to vary with temperature (see Lennard-Jones and Pike, Trans. 
Faraday Soc., 1934, 30, 830, for references to earlier work). In these latter it has, there- 
fore, been supposed that there is a restriction of the rotation of the two halves of the 
molecule relative to each other which gives a minimum of potential energy in the trans- 
and a maximum in the cts-configuration, but which is not great enough to give a force 
constant comparable in magnitude with that resisting the bending of a covalent bond 
relative to a neighbouring one (about 2—4.10-!* ergs/radian?/g.-mol.) (see Lothar Meyer, 
Z. physikal. Chem., 1930, B, 8, 27; Lennard-Jones and Pike, loc. cit.; Altar, J. Chem. 
Physics, 1935, 3, 460; Beach and Stevenson, ibid., 1938, 6, 635). 

The Raman spectra of this and of similar substances in the liquid phase or in solution 
are, however, said to show the existence of definite cis- and trans-isomers (see, ¢.g., Wu, 
ibid., 1939, 7, 965; Langseth, Bernstein, and Bak, ibid., 1940, 8, 415). If this be so, then 
any increase of moment with rise of temperature must be ascribed to change in equilibrium 
between the cis- and the trans-forms. This conclusion, if correct, would mean that most . 
theoretical treatments of the forces between the two groups in such molecules (see previous 
references, also Beach and Palmer, ibid., 1938, 6, 639; and Beach and Turkevich, J. Amer. 
Chem. Soc., 1939, 61, 303) are quite inadequate, for they lead to uni-minimal potential 
functions. Although some progress in the theory of such forces can be made in spite of 
the ambiguity in the interpretation of the data, it is obviously necessary that this shall be 
resolved before the theory can develop very far. 

In the hope of making this possible, the existing data for the polarisations of substances 


which might show such temperature effects have been augmented and improved by measure- 
ments in solution and in the vapour phase. 


EXPERIMENTAL. 


Preparation and Purification of Materials —Benzene. -A.R. Benzene was fractionally 
crystallised three times and, just before use, was refluxed over phosphoric oxide and distilled 
in a stream of dry air. 

Dioxan. Light’s pure dioxan, m. p. 12°, was fractionated once from sodium and refluxed 
with it before a final distillation in a stream of dry air; b. p. 100-6—101-1° (corr.)/749 mm. 
(cf. “‘ Organic Solvents,’’ Weissberger and Proskauer, Oxford, pp. 38, 139; 101-2—101-4°/760 
mm.). 

Fumaronitrile. This was prepared according to the method of Wolf and Straete (Bull. Sci. 
Acad. roy. Belg., 1935, 21, 216), and purified by vacuum sublimation, a small electrically heated 
vapourising furnace suspended in a large evacuated jar being used for the purpose; m. p. 
(specimen for solution measurements) 95-2—95-4° (corr.) : (specimen for vapour measurements) 
95-7—95-9° (corr.) (cf. Wolf and Straete, loc. cit., 95-8—96-2°). 

Succinoniivile. B.D.H. material was recrystallised from ether; for the specimen used in the 
vapour measurements the recrystallisation was made more efficient by the use of a centrifuge; 
m. p. (specimen for solution measurements) 53-9—54-5° (corr.) : (specimen for vapour measure- 
ments) 56-0—56-3° (corr.) (cf. Timmermans and Hennaut-Roland, J. Chim. a 1937, 
34, 693; 57-15—57-20°; other authors, 51—54°). 

Ethylene dichloride. This was purified by the method described in “ Organic Solvents,” 
except that it was first shaken with phosphorus pentachloride; b. p. 83-7—83-9° (corr.) /772 mm. 
(cf. Timmermans and Martin, J. Chim. physique, 1928, 25, 4114 b. p. 83-5°). 

Ethylene dibromide. A commercial specimen was washed with cold concentrated sulphuric 
acid, sodium carbonate, and water, then dried by calcium chloride, fractionally distilled, frozen 
out, again dried by calcium chloride, and again fractionally distilled; b. p. 130-8—131-1° 
(corr.)/751 mm.; m. p. 9-8° (cf. Timmermans and Martin, ibid., 1926, 18, 733; whence 
b. p. 131-3°/751 mm.; m. p. 10-0°). 

Dimethylketazine. This azine was supplied by Mr. G. E. Coates; b. P. 133-5—133-6° /766 
mm. (cf. Barrick, Drake, and Lochtg, J. Amer. Chem. Soc., 1936, 58, 160, b. p. 132—133°). 

30 
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Diacetyl. This substance was prepared by the method of Olivier (Bull. Soc. chim., 1932, 
51, 99) except that the difficult purification by formation of a phosphoric acid complex was 
replaced by fractionation with a Podbielniak column. The absolute b. p. of the fraction used 
is not known accurately, but it boiled over less than 0-1° and gave no reaction for nitrogen, thus 
showing that the impurity which Olivier detected in this preparation had been removed; b. p. 
88-8°/756 mm. (cf. Olivier, Joc. cit., 88°/750 mm.). 

Apparatus for Measuring the Dielectric Constants of Solutions and Vapours.—The experimental 
method and the apparatus used for the measurements of polarisations in solution were essentially 
those described by Sutton (Proc. Roy. Soc., 1931, A, 183, 668). The dielectric constants were 
all based on the assumed standard value of 2-2727 for that of pure dry benzene at 25° (Hartshorn 
and Oliver, ibid., 1929, A, 123, 664). The symbols used have the following meanings: /, mol.- 
fraction of the solute, d density, m refractive index for the mercury green line, P, molecular 
total polarisation of the solute, ,P, molecular electron polarisation (molecular refractivity) of 
the solute, ,P, atom polarisation of the solute. 
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The apparatus described by Coop and Sutton (loc. cit.) for the measurement of the dielectric 
constants of gases and vapours was modified by the circuit of the heterodyne oscillator being 
completely changed; otherwise the apparatus and experimental method differed only in minor 
details. Most attempts to devise oscillators of a very high stability have been based on the 
work of Llewellyn (Proc. Inst. Radio Eng., 1931, 19, 2063), but his method of calculation is never 
exact, and is in many cases incorrect, e.g., when a grid leak is used (Colebrook, ‘‘ Oscillators of 
Constant Frequency,” N.P.L., 1934). Lampkin (ibid., 1939, 27, 199) has shown that if the valve 
is tapped across only a small part of the inductance of the tuned circuit the stability is increased. 
The quantitative explanation of this cannot be given, since accurate circuit analysis where 
valves are concerned is impossible; but qualitatively it can be seen that the smaller the part 
of the inductance across which the valve is tapped the smaller will be the effect of changes in 
the inter-electrode capacities and resistances, arising from changes in the applied voltages, on 
the characteristics of the oscillating circuit and hence on the frequency of oscillation. The 
new circuit is shown in Fig. 1. The valve is tapped across only one of the sixty turns of the 
inductance. ; 

Owing to war conditions, it has been impossible to keep the oscillators under thermostatic 
control overnight. The observed frequency drift, 1—1-5 cycles/sec./hour, at the end of the day 
may therefore still be due to incomplete temperature equilibrium. 
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The dielectric constants are all based on a value of 1-000582 for air free from water and carbon 
dioxide, at 0° and 760 mm., which is the standard used by Coop. Watson, Rao, and Ramaswamy 
(Proc. Roy. Soc., 1934, A, 148, 558) showed that if the air is dried by liquid air, after carbon 
dioxide and water have been removed by means of soda-lime and phosphoric oxide, the dielectric 
constant decreases to 1-000576 in better agreement with the value calculated by extrapolating 
the square of the refractive index, 1-000577 (Bender, Physical Rev., 1938, 54,179). This observ- 
ation has been approximately confirmed. The results when liquid air was used were not so 
reproducible as when it was omitted, but if the air in the former case is taken to have a dielectric 
constant of 1-000576, then air purified only by soda-lime and phosphoric oxide is calculated to 
have a dielectric constant of 1-000584 + 0-000002, in good agreement with the average value used 
by Coop. The value 1-000582 for air purified without refrigeration was shown to correspond to 
1-000989 for carbon dioxide at 0° and 760 mm. (Coop and Sutton, loc. cit.; cf. Zahn, Physical 
Rev., 1926, 27, 455; 1-000972: Stuart, Z.. Physik, 1928, 47, 457; 1-000987: Smyth and 
McAlpine, J. Amer. Chem. Soc., 1933, 55, 453; 1-000989: Watson, Rao, and Ramaswamy, 
loc. cit.; 1-000989). : 

The abbreviations used in reporting the vapour measurements are: T = absolute temper- 
ature; N = number of measurements made at the temperature given; » = the pressure range 
over which measurements were made, to the nearest mm.; P = the total polarisation, being 
the mean of all measurements at a given temperature; AP = the average numerical deviation 
of the individual values of P from the mean; Pyj,, = the polarisation calculated from the mean 
P-1/T line; Py = electron polarisation. The signs attached in the first column indicate 
different samples of the material. Other symbols will be explained later. 

In all cases where the total polarisation varies with temperature the difference between it 
and the deformation polarisation (Pg plus an allowance for P,, the atom polarisation) has 
been used to calculate apparent values of the moment. The reason for this will be apparent in 
the discussion. 

Results. 

TABLE I. 

Measurements in Solution at 25°. 
Fumaronitrile in benzene. 
fae ae + ' ; , - _ 8s sPp 
0-004873 2-2751 0-87434 , . 2-25644 19-89 
0-009840 2-2781 0-87514 — 2-25575 19-69 
0-020043 2-2826 0-87676 ° — 0-016127 2-25524 19-65 
0-039619 2-2936 0-87962 ~- 

The molecule is not expected to have a permanent electric dipole moment, so P, should be inde- 
pendent of f,; and therefore the values are averaged to give P, = 29-7c.c. gP, = 19-8c.c.,s0 4P, + 
oP, = 9-9 c.c.; but if we assume that oP, = 0 we have ,P, = 9-9 c.c. 


_- — _— — 


Succinonitrile in benzene. 
0-006368 0-87481 — —_ 0:004258 2-3654 334-2 
0-014343 0-87604 — — 0-009590 2-4814 328-1 
0-024539 0-87791 -- ~ 0-016316 2-6354 322-1 
~- — a — 0-029797. 29500 — 309-4 
of: = 337. »P, calculated from Landolt—Bérnstein, for Nap line (cf. Lewis and Smyth, J. Chem. 
Physics, 1939, 7, 1085) = 20-3 c.c. ,P, +o0P, = 317. Hence uw (apparent) = 3-90 p. (cf. Williams, 
Z. physikal. Chem., 1938, A, 188, 75; » = 3-8 pv.; Lewis and Smyth, Joc. cit., » = 3-68 D. in toluene 
solution at 30°). 
Succinonitrile in dioxan. 
0-0000 1-02790 — — 0-005164 2-3161 317-6 —- 
0-007316 1-02787 —_ — 0-009780 2-4163 314-5 — 
0-010008 1-02778 -- —- 0-017281 2-5847 312-1 -- 
0-017258 1-02777 — — -— 


os = 320c.c. gP, = 20-3 (see above). ,P, + oP, = 300c.c. p (apparent) = 3-80 p. 


Ethylene dichloride in dioxan. 
0-0000 2-2159 1-:02750 — ~- — 0-01338 ~2-2813 1-02985 93:15 — — 
0-008363 2-2571 1-02924 93:39 — — 0-01512 2-2902 1-03087 92:12 — -— 
oP: = 94-6 c.c. From the dielectric constant of the solid (Smyth and Hitchcock, J. Amer. Chem. 
Soc., 1932, 54, 4631) gP, + ,P, = 23-9 c.c. [gP, (calc.) = 21-1 c.c.]. Both the dielectric-constant 
measurements (White and Morgan, J. Chem. Physics, 1937, §, 655) and the Raman spectrum of the solid 
(Mizushima, Morino, and Noziri, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1936, 29, 63) indicate the 
absence of free rotation in the solid state. oP, (apparent) = 70-7 c.c., w (apparent) = 1-84 D. 
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TABLE II. 
Measurements in the Vapour Phase. 


Ethylene dichloride. 

: . . P. . Mapp.- ae N. p- P. AP. 
308-45° ! ° 51-6 ! 1-18 441-2° 12 7-9—11-1 52-6 0-2 
334-65 é 52-1 1-24 480-75 7 9-1—11-5 61-8 0-15 
371-55 ° , 52-65 1-32 524-8 7 10-1—12-:3 60-8 0-15 
406-3 ° : 52-6 ° 1-38 

P+, is taken to be 23-9 c.c. (see above). 
These results are in very good agreement with those reported by Zahn (Physical Rev., 1931, 
88, 524); both sets disagree markedly with Greene and Williams’s results (ibid., 1932, 42, 119). 


Ethylene dibromide, 

0-1 0-815 437-0 7 93—12-1 43-9 
338-6 8 47—65 41:55 0-15 0-807 466-7 8 9-3—13-1 44-0 
369-2 9 7-1—10-7 42-5 0-17 0-875 496-2 ll 94—145 443 
407-7 8 86—11:8 43-25 0-17 0-946 

P44, is taken to be 29-7 c.c. (Zahn, Physical Rev., 1932, 40, 291). 

* Since the first result differed so widely from Zahn’s (loc. cit.), a second specimen was measured, 
but it gave substantially the same result. Although the substance did not decompose until heated . 
above 496° K., it turns brown on warming to 313° k. (40°) in the light (it is possible that a very small 
amount of air must also be present). It may be, therefore, that Zahn’s results were invalidated by 
decomposition, whereas in the present experiments the heating arrangements excluded light. 

The results reported by Greene and Williams (loc. cit.) are still higher and less concordant. 


338-85* 8 49—6-2 41-8 


Succinonitrile (ethylene dicyanide). 
443-2 7 18—14 186 4-5 3-45 513-05 8 3-7—3-0 173 1-2 
478-3 8 33—26 180 2-2 3-52 
P,+, is taken to be 20 c.c. (cf. above). 
Diacetyl. 
After being once distilled through a Podbielniak column, a specimen gave very erratic results even 
at 80°. It was therefore refractionated and it then gave the following results : § 


328-45 7 8-0—7-1 43-6 0-2 1-05 437-6 8 13-8—10-4 43-7 0 
361-85 8 11-4—86 43-6 0-2 1-11 478-1 7 15-0—11-4 43-5 0- 
398-0 7 12-5—89 43-6 0-1 1-16 

P,+x is taken as 22-7 c.c., this being 1-1 times the Py value calculated for the Nap line. 

§ An attempt was made to confirm these results by preparing a larger quantity of diacetyl and 
reactionating it three times in the Podbielniak column. The specimen gave results, however, which 
were too erratic to be worth reporting. 

The amount of impurity in the diacetyl prepared by Olivier’s method ((oc. cit.) is only 0-1—0-4% 
before the final purification; but this small amount might affect polymerisation on the platinum plates 
of the measuring condenser. 

It would possibly be better to purify the diacetyl via the phosphoric acid complex described by 
Olivier. Owing to the war the work has had to be discontinued, but the above results were deemed 
worthy of record. 


2 1-22 
3 


1-27 


Fumaronitrile (trans-acetylene — 
4098 5 86-96 296 0-2 — 


At 457-7° x. there appeared to be slow decomposition, the odicdiantion. P, increasing gradually to 
31-3 c.c. in seven measurements. The polarisation at this temperature was taken to be 29-8 c.c. 
Hence the average value of P is 29-7 c.c., exactly the same as in the solution measurement (see above), 
and so assuming that P, has the same value too and that Po is zero, we find Pg = 9-9 c.c. 


Dimethylketazine. 

T. N. - p. . AP. = Preaw.. . N. p. . AP. Pease. 
349:1° 8 , . . 80-3 80-1 439-:3° 7 81—6-4 . 71:75 71-8 
380-85 7 . . . 76-8 76-8 469-2 6 9-1—6-4 . 69-7 69-8 
409-2 6 741 742 504-5 8 9-9—6-7 , 67:7 67:7 

Py, = 86 c.c. (Barrick, Drake, and Lochte, loc. cit.). If P, be taken as 0-1 of Pg, Pyi, = 39-6 
c.c.; Py, (from extrapolation of the.P-1/T curve) = 39-7 c.c. app, is found to have a constant 
value of 1-51 p.; and the values in the column headed Prac, are the total polarisation values calculated 
on this basis. 

The results at the lowest temperature were very erratic, probably owing to adsorption. 
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DISCUSSION. 


Molecules with No Axis of “ Free Rotation.’’—The solution and the vapour results for 
the total polarisation of fumaronitrile agree very well (29-7 c.c. in the former as also in 
the latter). This is another example showing that there is little solvent effect for com- 
pounds which have a temperature-independent polarisation. The values for the vibration 
polarisations of cyanogen (Watson and Ramaswamy, Proc. Roy. Soc., 1936, A, ‘156, 144), 
fumaronitrile, and p-dicyanobenzene are 8-3, 9-8, and 11-9 c.c., respectively, and so are 
approximately equal. As was previously shown (Coop and Sutton, Joc. cit.), they should 
be exactly equal if the group moments and the force constants of bending are the same in 
all three. It is impossible to attribute with certainty the observed variations to change in 
either one of these factors, but it is probable that the increase of distance between the CN 
groups corresponds to a reduction of their mutual polarisation, a consequent increase of pu, 
and hence of vibration polarisation. It may be noted that the experimentally determined 
value of the refractive index shows that there is no exaltation, and that therefore it is 
unlikely to be shown by the related compound #-dicyanobenzene (see Coop and Sutton, 
loc. cit., and Weissberger and Sangewald, J., 1935, 855). 

Molecules with an Axis of ‘‘ Free Rotation.’’—The immediate aim in discussing the results 
for molecules with single bonds joining the polar groups is to decide whether there are cis- 
and trans-equilibrium positions or only the latter. This is part of the more general problem 
of discovering the nature of the forces between the polar groups and the way in which a 
material medjum affects them; and although frequently no definite answer can be given 
to the immediate question, yet ‘the conclusions drawn are nevertheless often of some value 
in relation to the larger problem. 

The polarisation of ethylene dichloride in dioxan at 25°, viz., 94-6 c.c., is much higher 
than those found for it in most other solvents; ¢.g., in m-hexane at 20° it is only 61-6 c.c., 
in carbon disulphide 63-5 c.c. (Miiller, Physikal. Z., 1933, 34, 689). Also, it is even higher 
than those in benzene or toluene, which are already abnormally large, e.g., 86-5 c.c. at 30° 
in benzene (Mizushima, Morino, and Higasi, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 
1934, 25, 159). If the inter-group forces were Coulombic to any considerable extent, then, 
irrespective of whether the other forces produce a maximum of potential energy between 
the cis- and trans-positions, we should expect that an increase in dielectric constant of the 
medium would, by decreasing mutual repulsion, increase the proportion of molecules not ' 
in the ¢vans-configuration and so increase the moment. The notable effects of benzene, 
toluene, and dioxan, which do not have large dielectric constants as measured macro- 
scopically with weak uniform electric fields, may therefore indicate that the dielectric 
constants in the near neighbourhood of the polar solute molecules are much larger. For 
dioxan this could arise by orientation in the inhomogeneous field round the solute molecules, 
for it is only non-polar because the two dipolar ethereal groups in it oppose one another. 

a Benzene might develop a large dielectric constant in the intense field by 
_HC—CH passing to one of the excited polar resonance states, ¢.g., (I), which could 
HCC StH be drawn for it. A critical examination of the data suggests, however, 


HC—CH that the effect is relatively specific,* so it may possibly be due to some 


(I) degree of loose compound formation. If the compound were a polaris- 
; ation complex (cf. Briegleb, Z. physikal. Chem., 1935, B, 31, 58) the 
theories of compound formation and of physical effect would merge. : 


* The remarkable fact that succinonitrile is almost insoluble in most organic solvents, such as carbon 
tetrachloride, hexane, and carbon disulphide, but is very soluble in benzene and dioxan points to some 
solute-solvent interaction in these instances. It might therefore be expected that the polarisations 
in these-solvents would be abnormal and, on the analogy of ethylene dichloride, would be large; but 
the insolubility prevents direct demonstration of this. Lewis and Smyth (J. Chem. Physics, 1939, 7, 
1085) have shown that the moment of succinonitrile in toluene increases as the temperature increases 
and so differs from that of ethylene dichloride in either benzene or toluene, which decreases with 
increasing temperature although in normal solvents it increases (Mizushima, Morino, and Higasi, Joc. cit.). 
Perhaps, therefore, solutions of succinonitrile in benzene and dioxan are not abnormal as compared 
with those in other non-polar solvents. 

It may be noted that benzil has a rather larger moment in benzene and dioxan than in carbon 
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Because of the complication of solvent effect, the solution measurements prove to be 
only of minor value in helping a choice to be made between the cis-trans-isomer and the 
trans-vibration theory, but some application will be made later (p. 739). Most of the 
vapour polarisation measurements are of greater value for this purpose. 

The constant apparent moment of dimethylketazine, as distinct from the constant 
vibration polarisation of diacetyl or the varying polarisation and moment of ethylene 
dichloride, can be explained by the two parts being completely free to rotate, by the pro- 
portions of cis- and ¢vans-isomers being constant, or by their being fixed at an angle not 180° 
to each other. This would mean either that the potential energy is equal in the cis- and 
trans-configurations or that the orientation effect about an N-N link which was predicted 
by Penney and Sutherland (Trans. Faraday Soc., 1934, 30, 898; J. Chem. Physics, 1934, 2, 
492) is decisive. It is not possible at present to choose between these explanations. 

The measurements on ethylene dichloride, dibromide, and dicyanide, as well as diacetyl, 
warrant more extended discussion. Beach and Stevenson (loc. cit.) have shown that, ori 
the vibration polarisation theory, : 


wa A+Be’. 2 1 1 ee ew we ee wl el he 6) 
where 


= | “cos ¢ e—V)RT Gg, | J “e-V@URT Ad, — er 
0 0 


if there is no weight factor, i.¢., if the probability of a configuration depends only upon its 
potential energy and not upon kinetic factors (see p. 735). ¢is the angle between the planes 
containing, each, one of the rotating dipoles and the C-C axis ; V(¢) is the potential energy 
for the angle ¢; and 

A = py? + Ue? — 2uyUe COS a COS aX 

B = Quy, sin a, sina, . 


¥, and py, are the rotating dipoles while «,, «, are the angles which these make with the 
C-C axis, which we shall assume to be known. ¢ is thus an average value of cos ¢ and 
should vary between 0, for free rotation, and —1 for fixation in the trans-configuration, 
whatever the precise form of the potential function. For the results to be consistent with 
the vibration polarisation theory it is, therefore, at least to be expected that if p be calcu- 
lated from experimental values for y?, equation (1) being used with A and B values given 
by (3) and (4), it should lie between 0 and —1; and if it be plotted against 1/T, the curve 
should bend towards the origin (where infinite temperature brings about complete freedom 


of rotation). By plotting the present results these minimal conditions are seen to be 
satisfied (Fig. 2).* 





tetrachloride (Caldwell and LeFévre, J., 1939, 1614; Higasi, Bull. Chem. Soc. Japan, 1938, 18, 158), the 
increase in moment being only 4—5%, however. 

It seems, therefore, that the only well-established examples of gross abnormality in benzene or 
dioxan solutions of this type of solute are provided when these are halogen compounds with what may 
be described either as restricted rotation or as tvans-predominance in a mixture of isomers. No restric- 
tion means no abnormality: what is probably pertinent is that it also means that the polar groups 
are relatively far apart. Thus, ¢.g., p-xylylene dichloride has almost equal polarisations in benzene 
and hexane, both corresponding to complete freedom of rotation (Miiller, Joc. cit.). Restriction does 
not, however, necessarily mean abnormality, for stilbene dichloride has almost the same polarisations 
in benzene and in carbon tetrachloride solutions, both corresponding to restriction (Higasi, loc. cit.). 
Although very few non-halogenated solutes of this type have been examined, it appears from the 
_ existing evidence that the gross abnormalities are highly specific to solute and solvent, and so may be 
due to compound formation, as has been frequently suggested (see, e.g., Earp and Glasstone, J., 1935, 
1709; Stearn and Smyth, J. Amer. Chem. Soc., 1934, 56, 1667; Mizushima, Morino, and Higasi, Joc. cit.). 

This might involve ring formation, but there is no definite evidence in support of this, since the 
moment of ethylene dichloride never reaches, let alone exceeds, the value (ca. 2-2 D.) corresponding to 
free rotation or equal proportions of cis- and tvans-isomers. 

* Zahn’s results for ethylene dibromide (Joc. cit.; also Fig. 2) lie less well on a smooth curve of this 
kind, probably owing to the difficulties of measuring this substance (p. 732). 
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Beach and Stevenson tried the following functions expressing the potential energy in 
the region of the trans-position :— 


linear V(¢) = V, (x — $)/n 
cosine V(¢) = V, (1 + cos ¢)/2 
parabolic V(¢) = V, (x — ¢)?/x? 


(where V ,is the difference of potential energy in the tvans- and the cis-configurations, i.e., 
the potential barrier) for the purpose of calculating p as a function of T from equation (2). 
By using the theoretical p-V,,/2RT curves so obtained and the experimental p values, it is 
then possible to calculate the values of V, corresponding to the several trial functions at a 
series of temperatures, and, by comparing the consistency in the sets of values, to choose 
the best potential function. This has been done for the present observations. In the 
tables of results (Table III) the rotating moments (u, = yu.) are assumed to be equal to 
those of the ethyl compounds (the significance of the columns headed log,, N,/N, is 
explained below). The percentage vari- 
ations show that for ethylene dichloride 
there is nothing to choose between the 
cosine and the parabolic function, both 
being rather better than the linear one. 
e values calculated for the cosine functions 
with V, = 3-69 (the mean of the first six .. 
values only) agree well with those observed 
at the lower temperatures. The ethylene 
dibromide data fit the linear function 
better, with V, = 6-78 kg.-cals./mol. Suc- , 
cinonitrile could not be measured over a 9-5 ' ~- 
large temperature range, so all potential 0-002 . 0-003 
functions seem equally good for it. For rent ‘ i at 
diacetyl the best function is the parabolic pr wed yes Days «str ananamaaal 
one with V, = 22—23 kg.-cals. /mol. because ai emnelannen 
it leads to the observed temperature independence of the polarisation (see p. 732) : it 
corresponds, of course, to simple harmonic vibration about the érans-position (see p. 728). . 
The alternative treatment, applied particularly by Langseth, Bernstein, and Bak 
(J. Chem. Physics, 1940, 8, 415), is to suppose that there are two stable forms, cis and 
trans, the potential barrier between them being so high as to ensure that there are few 
molecules in intermediate configurations, but not so high as to allow of the separation of the 
isomers. In this event 














NemiNa=SVPT . 6. we e @ 


where V, has the same meaning as before, S is a weight factor,* Nan, is the number of 
molecules of the trans-form and N,,;, of the cis. 
From equation (5) 
log, N,JN, —log,sS=V,/RT . . . - + «+ « #& 


* The weight factor S appears when the classical treatment of the distribution of molecules in various 
configurations is elaborated to take into account the momentum co-ordinates which determine the 
kinetic energy, as well as the positional co-ordinates which determine the potential energy. If the 
moments of inertia vary appreciably with the configuration, the fact that the molecule is spinning 
makes it tend to assume one configuration rather than another, apart from any effect to which the 
variation of potential energy with configuration may give rise. In the case of the ethylene dichloride 
molecule it is found theoretically that, crudely speaking, the molecule should tend to spin as nearly 
as possible about the line joining its main masses, the chlorine atoms, and to reduce its moment of 
inertia about this axis; and so the ¢rans-configuration is kinetically favoured (Altar, J. Chem. Physics, 
1935, 3, 460). This effect gives rise to a temperature-independent coefficient by which the exponential 
temperature term, giving the effect of potential energy upon configuration, is multiplied. If change 
of configuration produces but little change in moment of inertia, as for example in p-xylylene dichloride, 
the weight factor is nearly unity. 
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TABLE III. 
Ethylene Dichloride. 








— Peale. 
for Vos 
= 3-69. 
0-812 
0-790 3-65 
0-764 3-67 
0-739 3-70 
0-715 3-62 
0-683 3-88 
0-651 4:07 
Mean 3°74 
% Deviation 3-48 


Ethylene Dibromide. 
Va. 


' i eo 
cos. lin. cos. lin. 

T. — Pexp.: Hy = 2°02.t = Logg N,/ Ne. T. — Pexp.- Hy = 2-02.t logy Ni/Ne- 
338-85° 0-908 7-79 6-69 1-318 437-0° 0-862 6-84 6-71 1-129 
338-6 0-910 7-90 6-74 1-328 466-7 0-851 6-87 6-91 1-093 
369-2 0-892 7-21 6-64 1-253 496-2 0-838 6:83 6-99 1-055 
407-7 0-877 7-08 6-75 1-182 Mean 7-22 6-78 


% Deviation 4-99 1-47 
Values of Vpsran, Were not calculated because a small error in p produces a very large change in it. 


Succinonitrile (Ethylene Dicyanide). 
Va. 10g 19 Ni/Ne 


cos. lin. parab. “1 = cos. lin. parab. 1 = 
T. —pfexp. pf, = 4:03. 3:94. 4-03.f T. —pexp.- py = 4-03. 3-94. 4-03.} 
443-2° 0-587 2-59 3-11 4:06 0-560 0-582 513-05° 0-560 2-80 3-37 4-29 0-524 0-545 
478-3 0-571 2-70 3:24 4-15 0-538 0-562 Mean 2-70 3:24 417 
% Deviation 2-59 2-78 1-92 


Vz. logo N,./Ne- 
- = HF 





. 
‘ ’ 





Diacetyl. 








cos. lin. parab. cos. lin. parab 
*85.§ 


T. — Pexp.: My = 2 10819 N,/Ne- T. —Pexp.- Hy = 2-85.§ 10g 19 N,/Ne- 
328-45° 0-897 6-71 605 — 1-267 437-6° 0-863 6-97 6-79 21-7 1-132 
361-85 0-887 6-75 6-28 ca. 28 1-222 478-1 0-851 7:04 7:08 21-7 1-095 
398-0 0-876 6:89 659 23-5 1-178 Mean 6-87 656 22:3 


% Deviation 1-60 4-79 3-59 
A small change in p produces a large change in Vparap.. 
* ucu,ci = 1-87 D., won: = 2°03 D. (see Smyth and McAlpine, J. Chem. Physics, 1934, 2, 499; 
Dipole Index, Trans. Faraday Soc., 1934, 30). 
t poH,Br = 2-02 v. (Smyth and McAlpine, loc. cit.). 
t wou,ow = 3-94 D., woyn,on = 4:03 D. (Groves and Sugden, J., 1937, 158). 
§ poome, = 2°85 D. (Zahn, Physikal. Z., 1932, 38, 686). 


so that if log,, N,/N, is plotted against 1/T a straight line should be obtained, according to 
this theory. WN,/N, is calculated from the expression 


f= (Qusina)(1+N,JN) .- . - - - es 


Any temperature-invariant vibration polarisation, or atom polarisation, arising from 
possible vibrations of the cis- and the ¢vans-form about their respective potential minima 
can be estimated roughly in ethylene dichloride by taking the molecular polarisation of 
the solid substance, which is 13% larger than Px (calc.). For the other compounds 10% of 
P, can be allowed. 

The observations herein reported do, in fact, give straight lines when so treated (Table 
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III and Fig. 3) whether the rotating moment is taken as that of the methyl or the ethyl 
compound (see the last two columns for ethylene dichloride and succinonitrile in Table ITI). 
Zahn’s results for ethylene dichloride agree very well too, but (cf. p. 734) those for ethylene 
dibromide do not give such good straight lines as do ours, while those for diacetyl may give a 
curve : his results for chlorobromoethane (Physical Rev., 1932, 40, 291) and for chloroacetone 
(Phystkal. Z., 1932, 838, 686) are insufficient for any conclusions to be drawn. Taking the 


Fic. 3. 





LE ven Br), B.andS.; 4 CH,Br = 2-02 
@ (CH, Br), Zahn ; wu CH,Br= 2-02 


© (CHy C0), B.andS.;4 ChyC0 = 2-65 
OCHLI), Band 5; 2 CHyll=203 @(CHyC0), Zahn ; wu ChyC0= 2-85 
OCMC), Zahn ; pe CHCl =2:03 Q(CHy-CO), Zahn ; ye ChyC0=2-68 
QCM C1), Band; CH =187 Q(CHzCMz Band. 542 ChyCN= 4-03 
Q(CHC1), Zahn 5 wu Cll =187 Q(Chy CN), B.andS.; Ch, (N= 3-94 











0-001 0-002 0-003 
; . ir 

rotating moment as that of the appropriate ethyl compound, we find the values of V, and 
S to be 


_ Substance. Vz, cals, /mol. S. Substance. Vz, cals. /mol. S. 
Ethylene dichloride 2-33 Succinonitrile 570 2-0 
Ethylene dibromide 3-01 Diacetyl 855 5-09 

For all these compounds the weight factor S shows that the tvans-form is favoured, 
which fact is in qualitative though not quantitative agreement with the theoretical treat- 
ments of Altar (Joc. cit.) and of LuValle and Schomaker (J. Amer. Chem. Soc., 1939, 61, 
3520). It will be noted that the values for the potential barriers are mostly less than 
1 kg.-cal./mol. How well these values of V, and S give Straight lines which fit the observed 
points is shown in the following table. 


Ethylene dichloride. Ethylene dibromide. Diacetyl. 


; ye Hoobs, A : Hobs.: flesbe: Hlobe.- 
308-45° 1-18 : 338-85° 0-815 0-812 328-45° 1-05 
334-65 1-24 : 338-6 0-807 0-811 361-85 1-11 
371-55 1-32 : 369-2 0-875 0-873 398-0 1-16 
406-3 1-38 : 407-7 0-946 0-948 437-6 1-22 
441-2 1-43 , 437-0 1-002 0-997 478-1 1-27 
480-75 1-47 . 466-7 1-04 1-04 
524-8 1-51 : 496-2 1-08 1-08 


Measurements in solution at different temperatures also give straight lines, which are 
straighter the more accurate the measurements; e.g., Smyth’s earlier results for ethylene 
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dichloride in different solvents (Smyth, Dornte, and Wilson, J. Amer. Chem. Soc., 1931, 
52, 4242) do not give straight lines, but his later ones do (Stearn and Smyth, 1bid., 1934, 56, 
1667) (Figs. 4, 5, 6). These lines are obtained by using the vapour-phase value for the 
rotating group, so that little correlation between solvent, S, and V, could be expected; 
but this point is discussed later. 

Although the cis-trans-isomer theory predicts these straight lines, their observed exist- 
ence does not necessarily prove the theory to be correct, for it is possible that a potential 
function could be found which would lead to the same result on the vibration theory. In 


Fie. 4. Fie. 5. 


Mizushima and Higasi, 
Rao .and Narayanaswamy (ChyC1)2 in hexane , amylene 
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principle this could be done in the following way. The expression for g? derived from 
equations (5) and (7) is equated with that from equations (1), (2), (3), and (4), giving 


Qu sin a)? “cos g e~V@/RTads 
ean = 2u* sin? a E + J ; 

i eV @IRT Ag, 

0 


“cos $ e~V@/RTd 
1 — Zere/RT ih ¢ $ 
1 + Le%/RT fe VisRT Ag 

0 
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In the expression on the left-hand side, & and ®, replace S and V, because these quantities 
in the above expression are empirical parameters derived from the experimental straight 
lines and are devoid of the physical meaning which S and V, have according to the cis—trans 
theory. It is required that this integral equation should be solved, given that V(¢) = 0 
when ¢ = x and that V(¢) is probably a maximum when ¢= 0. This equation has an 
infinite number of solutions, and therefore it is necessary to apply another limitation to 
V(¢) :. the condition chosen is that V(¢) is independent of temperature, but this equation 
has not been solved, even approximately. 

It is instructive to see what relation is given by the vibration polarisation theory between 
log N,/N, and 1/T. equating expressions for 7? derived from the two theories, we find 
log N,/N, = log (1 — e)/(1 + ¢). From the theoretical data of Beach and Stevenson 
(loc. cit.) it is possible to calculate logy, (1 — p)/(1 + ¢) for a given potential function and 
potential barrier V, and so to plot it against V,/2RT. 

The graphs obtained are straight only over a limited eS 

interval of V,/2RT; but over the ranges of logy, 
(1 — p)/(l +e) investigated experimentally the curv- 
ature is small. This is shown in Fig. 7, wherein the 
pairs of horizontal lines show the limits of experimental 
investigation. It should also be remembered that the 
experimental points fit none of the functions exactly. 
Moreover, it may be possible, as we have indicated 
above, to derive a uniminimal potential function which 
gives a straight line. The present data, therefore, do not 
enable us to choose between the two theories; and if 
any decision is now to be made it must be on grounds 
other than direct experiment of this type. 

In this connection it may be mentioned that the 
potential energy difference of only 1300 cals./mol. at 
most, as deduced from the cis-trans-isomer theory 
(p. 737), is much less than that likely to be predicted on 
any present theory of the forces involved: but since it 
was hoped that the theory could be checked by such 
experiments this approach is unsatisfactory. 

Another point, this time against the vibration theory, 
is that from Figs. 4, 5, and 6 it can be seen that certain 
of the lines for the same solute in different solvents 
cross. Now, according to any simple theory of the 
forces involved, the higher the dielectric constant of the 2 
solvent, the less the forces between the rotating dipoles, a 
and the larger the apparent moment should be (Mizu- 
shima, Morino, and Higasi, Joc. cit.). The crossing of 
these functions of the moment [log,,. (1 — ¢)/(1 + e), where p is the experimental value] 
means on the vibration theory that the sign of the difference of the moments reverses, and 
this indicates that the dielectric constants should do so. In fact, however, they do not. 

Spectroscopists have frequently concluded that there are cis- and trans-forms of ethylene 
dichloride present in the liquid (see p. 729). Electron-diffraction results do not disagree 
with this conclusion, for the proportion of the cis-form at the temperature at which experi- 
ments have been made on ethylene dichloride would be too small to have an appreciable 
effect on the photographs. The same difficulty arises for diacetyl (LuValle and Schomaker, 
loc. cit.). 

On the other hand, both electric polarisation and electron-diffraction results disagree 
with the analogous conclusions drawn by Langseth and his collaborators from the Raman 
spectra of cyclohexane and acetylene tetrachloride in the liquid phase (Langseth and Bern- 
stein, J. Chem. Physics, 1940, 8, 410; Langseth and Bak, ibid., p. 403). They conclude 
that tetrachloroethane consists of i isomers, a cis C,, form, and two, C,, at angles of about 
120° from the cis-one; and they state that in the expression N¢g,,/N¢, = e#/"7/S which 
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then holds, S is about 2, and E is 1,100 cals./mol., in the liquid phase. Mizushima, Morino, 
and Kozima (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1936, 29, 111) have determined the 
dipole moment in various solvents, and it is therefore possible to test the consistency of the 
different data. The solvent in which the apparent moment is largest is diethyl ether, in 
which it is 1-97 D. at 25°. There is some difficulty in ascribing a moment to the -CHCl, 
group, but the smallest possible value seems to be that of methylene chloride, which is 
1-57 D. (Wolf and Fuchs, “‘ Stereochemie,” Freudenberg, Vienna, 1932, p. 244; Miiller, 
loc. ctt.), that of ethylidene dichloride being much larger. If the angle between the two 
dipolar groups in the C,, form is as large as 127°, the moment of this form is at least 2-5 D. 


Fic. 8. 
Theoretical Scattering Intensity Curve for Planar Model with Ipc = 1-544. 
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Observed features shown by labelled arrows. 











Now, from the data of Langseth and Bernstein, No, /Nc, = 3-19. Hence, if y,,.is the 
moment of the C, form, we have 


uro.Noo + Uc cg 2 2 

a re ee (2-5? x 3-19 + po,”)/4-19, 
whence uc,” = — 3-6 D.; so, even on the most favourable assumptions, with 7 as large 
and w¢,, aS small as possible, an impossible answer is obtained. Consequently, so far as 
this comparison. of measurements in the liquid phase and in solution is valid, the dipole 
results show the interpretation of Raman spectra to be incorrect. Stevenson and Scho- 
maker (J. Chem. Physics, 1940, 8, 637) have shown that the electron diffraction by the 
vapour also disagrees with this interpretation. 

From the Raman spectrum, again, Langseth and Bak (loc. cit.) concluded that cyclo- 
hexane is planar, 7.¢., there is fixation about the C-C bonds, but their arguments have been 
criticised by Saksena (Proc. Ind. Acad. Sci., 1940, 12, 321). Stevenson and Schomaker 
(loc. cit.), in comment on this, said that Pauling and Brockway showed that the electron- 
diffraction pattern from the vapour disproves this structure, but actually these authors only 
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showed that a non-planar structure is satisfactory (J. Amer. Chem. Soc., 1937, 59, 1223). 
H. A. Skinner has therefore re-examined their data to see whether these could be com- 
patible with a planar form. He concludes that the derived radial distribution curve shows 
peaks incompatible with it if the C-C distance is 1-54 A. (the normal value), the C-C-C angle 
is 120°, and the H-C-H angle is 109-5°. Furthermore, the theoretical scattering curve for 
this planar model fails to reproduce satisfactorily, either qualitatively or quantitatively, the 
observed diffraction pattern. Qualitatively, as may be seen from Fig. 8, it fails because it 
shows a shelf between the second and the third maximum instead of between the third and 
the fourth. 

Its quantitative failure is shown by the data in the table below, where S = (4m sin 6/2)/A 
(see Pauling and Brockway, loc. cit.) and I is the observed intensity : 


Maximum. Minimum. E. Sobs.- Scale.» Seatc. | Sobs.+ 
1 —_ 3 3-08 2-40 (0-799) 
— 2 —- 4-13 3°34 (0-809) 
2 — 10 5-48 5-38 0-982 
3 — 3 9-03 9-80 (1-085) 

Shelf — 0-5 (11-14) — a 

+ -- 4 13-07 12-62 0-966 
5 — 1 15-38 14-98 0-974 
6 -- 2 17-78 17-20 0-967 
7 — 1 20-69 18-82 (0-910) 
Average 0-972 
Average deviation (a) excluding bracketed results 0-006 
(b) including ” ” 0-069 


The average deviation for maxima 2, 4, 5, and 6 alone is not large, but these are only half 
the observed singularities, and the overall average deviation is very bad, being much greater 
than that for the Z models (see Pauling and Brockway, loc. cit.). In these last two instances 
the conclusions about configuration from Raman spectra seem therefore to be wrong. 

It must be admitted that at present we know very little about the form of the potential 
function in the ethylene dichloride type of molecule. Even on the major question of 
whether the cis-trans-isomer theory or the ¢vans-vibration theory of the properties of this 
type of molecule is correct, the evidence and arguments are indecisive; although, if they 
be considered together with those in the analogous cases of acetylene tetrachloride and 
cyclohexane, it appears that the balance of evidence is against the general hypothesis that 
there are relatively stable isomers in which the non-bonded atoms approach as closely as 
possible, and therefore that the latter of the two theories is the more favoured. If the 
cis-trans-isomer theory be accepted, we can derive only the energy difference, V,, between 
the isomers. If the vibration theory be accepted, we know only the approximate shape of 
the lower part of the potential curve (see also Sutton, Ann. Reports, 1940, 37, 64); and the 
value of the potential barrier, V,, given by extrapolation has no more literal significance 
than has, let us say, the cryoscopic constant of a solvent. 

Little can be done, therefore, to use these measurements to check theories of inter- 
atomic forces beyond what Beach and his collaborators (Beach and Stevenson, loc. cit. ; 
Beach and Palmer, Joc. cit.; Beach and Turkevich, J]. Amer. Chem. Soc., 1939, 61, 303) or 
Lewis and Smyth (J. Chem. Physics, 1939, 7, 1085) have already done. They have shown 
that the forces of repulsion between the two rotating halves of the ethylene dihalides are 
due much more to exchange repulsions or “ steric”’ forces between the halogen atoms than 
to electrostatic dipole-dipole interactions, and that these increase in the series ethylene 
dichloride, chlorobromide, and dibromide, 1.e., that the greater the radius of the halogen 
the more rigid is the trans-fixation. This is confirmed by the increase in V, between the 
first and the last of these substances which is to be noted in Table III. ; 

Because equation (8) represents an empirical truth of wide validity, its solution might 
prove to be a step forward; but even so it is to be feared that the most interesting parts of 
the potential function would still be unexplored because of the limited temperature ranges 
which can be used. 

There is little prospect that these can be appreciably extended in electric polarisation 
measurements; but it is possible that electron-diffraction investigations on highly super- 
heated vapours might be profitable, because the time of contact of the vapour with hot 
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surfaces would be much less and because these could be of less highly catalytic material than 
the platinum used for the cylinders of the gas condenser in the dielectric-constant apparatus. 
Our plans for attempting this are in abeyance. 

It is satisfactory to find that, whether the potential function for diacetyl be bisminimal 
or uniminimal, the same conclusion about the electronic structure of the molecule is reached. 
Whether there be an equilibrium between cis- and trans-forms or an unusually rigid fixation 
in the trans-configuration (V, for the parabolic function being >20 kg.-cals./g.-mol., see 
Table III), we conclude that there is a very strong tendency for the molecule to be planar. 
LuValle and Schomaker (loc. cit.) arrived at the same result from their electron-diffraction 
study of the molecule. This tendency, as they say, can be attributed to resonance between 
the structure ordinarily assigned, viz., (II), and others in which the central carbon—carbon 


| Ot H 

Sc Soe , 

cH”  ‘o CH, - 
(II.) (III.) 


bond is double, ¢.g., (III) and (IV), because these would confer a certain degree of the 
stereochemical character of ethylene upon the molecule. 


The authors wish to thank Prof. N. V. Sidgwick, F.R.S., for his interest and advice, Mr. H. A. 
Skinner for performing the calculations relating to electron diffraction, the Department of 
Scientific and Industrial Research for a maintenance grant to one of them (G. I. M. B.), and 
Imperial Chemical Industries Ltd., for a grant towards the cost of the research. 
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130. Two Lower Oxides of Boron. 


By R. C. Ray and P. C. Sinna. 


The residue obtained after repeated extraction of magnesium boride by water 
slowly reacts with aqueous ammonia to afford two ammonium salts, (NH,),B,(OH), ° 
and (NH,),B,O,. “When these are heated in a vacuum they afford the oxides B,O, and 
B,O, respectively. The properties of these salts and oxides are described. 


In 1916 Travers, Ray, and Gupta (Monograph, H. K. Lewis & Co., London) showed that 
when the residue from repeated extraction of crude magnesium boride with water was 
treated with concentrated aqueous ammonia in an atmosphere of hydrogen, the solution 
contained a substance of the composition H,,.B,O,,2NH;. The present work was under- 
taken with the object of isolating this compound or its potassium salt. In the same 
monograph it was also shown that when the ammoniacal solution was evaporated to 
dryness in a vacuum, and gently heated, an oxide of boron, B,O;, was left, together with a 
small quantity of magnesia. Similarly, when a solution containing the borohydrate 
H,B,O, was strongly heated in a vacuum, the oxide B,O,, mixed with magnesia, was 
obtained. 

In reviewing other evidence for the existence of the sub-oxide B,O,, Wiberg and 
Ruchmann (Ber., 1937, 70, 1393) stated that in the main it is indirect, the pure compound 
not having been isolated. Stock, Brandt, and Fischer (Ber., 1925, 58, 643) showed that 
when the chloride, B,Cl,, was hydrolysed no hydrogen was evolved, indicating that 
reaction occurred according to the equation B,Cl, + 2H,O = B,O, + 4HCl. The oxide 
B,O, should form the acid B,(OH), with water, and Wiberg and Ruchmann (loc. cit.) 
isolated the esters corresponding to this acid. The methyl ester B,(OMe), had been pre- 
pared by Wiberg and Smedsrud (Z. anorg. Chem., 1935, 225, 204) by the action of sodium 
amalgam on the chloride B(OMe),Cl, and the free acid was isolated as a white solid, 
soluble in water, by hydrolysis of the ester. Its formation from H,B,O, is discussed by 
Wiberg (Ber., 1936, 69, 2832). No other work is on record regarding the oxide B,O;. 
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Wiberg (Z. anorg. Chem., 1930, 191, 57) has suggested constitutions for several of the 
oxides. We were unable to isolate the 4-boron borohydrate. 


EXPERIMENTAL. 


The residues obtained by repeated and prolonged treatment with water of crude magnesium 
boride, prepared by Ray’s method (J., 1922, 121, 1088), were kept in contact with successive 
portions of a fairly concentrated solution of ammonia in an atmosphere of hydrogen, each portion 
being decanted and replaced after 24—48 hours, for preliminary experiments had shown that 
the concentration of boron compounds in the solution never rose beyond a limiting value. 
The ammoniacal liquors thus obtained were filtered through Allihn’s apparatus in an atmosphere 
of hydrogen, and concentrated in a vacuum at room temperature. As soon as crystals began 
to separate, they were quickly removed, because they were always contaminated with traces 
of magnesia. The filtrates from several experiments were collected and fractionally crystallised 
inavacuum. By repeating this process 4 or 5 times, two colourless compounds were isolated, 
both being ammonium salts of well-defined crystalline form; they were stable in presence of 
ammonia solution, and when dry they were stable if kept below 0°. With rise of temperature 
the crystals rapidly lost ammonia and fell into powder. 

The ammonia was estimated by distillation with sodium hydroxide and absorption in 
standard acid. For estimating boron, a weighed quantity of the substance was heated with 
concentrated nitric acid in a sealed tube, and the boric acid formed was distilled with methyl 
alcohol into weighed lime [Found : (i) NH;, 38-9, 38-9, 38-85; B, 24-0, 23-9, 23-9. (NH,),B,(OH), 
requires NHg, 37-0; B, 23-9%. (ii) NH;, 19-1, 19-0, 18-9; B, 25-1, 25-0, 24-95. (NH,),B,O, 
requires NH, 19-3; B, 25-0%]. 

Neither compound reacts with dilute sulphuric acid. The salt (NH,),B,(OH), does not 
give a precipitate with barium, calcium, Or magnesium salts, but (NH,),B,O, yields white 
crystalline precipitates with these salts. The general behaviour, the action of acids, and the 
iodine absorption of the acidified solution indicate that (NH,),B,(OH), is the ammonium salt 
corresponding to the potassium compound @-K,B,(OH), already described by Ray (Trans. 
Faraday Soc., 1937, 33, 1261). 

The action of heat on these ammonium salts was studied in the following manner: A small 
quantity of the substance was weighed into a wide Pyrex-glass tube provided with a ground 
glass joint at one end, and stop-cocks at both ends. One end of the tube was connected to a 
Tépler pump through two weighed U-tubes filled with dry calcium chloride. The tube was 
immersed in a freezing mixture, and the apparatus freed from air. The freezing mixture was 
then removed and the substance carefully heated. Considerable swelling took place, and 
finally the crystals fell into powder. The gases evolved were pumped out and measured, and 
the tube was then cooled in a current of dry hydrogen. Analyses of the evolved gases showed 
that, on heating, (NH,),B,(OH), gave a mixture of almost equal volumes of ammonia and 
hydrogen, whereas (NH,),B,O, gave only ammonia. The results, representing the mean of 
several experiments, are summarised in the following table : 


+ 


One g. yields 





Substance. NH, c.c. atN.T.P. Hy, c.c. at N.T.P. H,O, g. Residue, g. 
(NH,),B,(OH), 482 478 0-0038 0-5812 
H,) 2B,O7~z 260 nil 0- 1023 0- 7046 


Since the composition and properties of (NH,),B,(OH), are analogous to those of 8-K,B,(OH),, 


the former is assigned the double formula for the reasons set forth in the latter case (loc. cit.). 
The ammonium salt might decompose on heating in either of two ways : 


(NH,),H,B,O, = B,O, + 2H, - 2NH, . . . . . . . (i) 
or (NH,);H,B,0, = BO +H,O+H,+2NH,.... . (ii) 


but the experimental results show that the change’is represented by (i), for the small quantity 
of water formed is equivalent to the decomposition of only 2% of the compound in the manner 
represented by (ii). 

The decomposition of the compound (NH,),B,0, is represented by the equation (N Hy)sB,O« 
= B,O, + H,O + 2NH;.. The oxide thus formed is perfectly colourless, whereas B,O, is 
slightly brown. Both oxides are readily soluble in water to give colourless solutions, but B,O, 
leaves a trace of insoluble brown residue, too little for investigation : it may be either the oxide 
B,O [see (ii)] or a solid solution of oxygen in amorphous boron. The clear solutions when 
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evaporated in a vacuum gave crystalline deposits of the free acids, which when heated in a 
vacuum gave the pure oxides. The boron -contents of the pure oxides were determined by 
oxidation as above, the boric acid formed being washed into weighed lime. The results of 
three concordant determinations in each case were: in B,O,, found 40-7 (calc.: B, 407%); 
in B,O,, found 35-5 (calc. : B, 35-56%). The ratios B,O,/B,O, and B,O,/B,O, were respectively 
0-7715 and 0-8857 (calc. : 0-7714, 0-8857). 

The aqueous solutions of both oxides are slowly oxidised by air, and also by potassium 
permanganate to form boric acid. They possess reducing properties like the borohydrate 
solutions. When a solution of B,O, was shaken in a vacuum with magnesium or barium 
hydroxide, the hydroxide went into solution, and from the filtered solution the magnesium or 
the barium salt could be crystallised out [Found: (i) Mg, 35-6; B, 16-3. Mg,B,O, requires 
Mg, 35:8; B, 164%. (ii) Ba, 76-1; B, 6-0. Ba,B,O, requires Ba, 76-1; B, 61%]. The 
solution of B,O,, on the other hand, gave precipitates with magnesium and barium salts; the 
latter was filtered off out of contact with air, washed with air-free water and dried in a vacuum 
(Found: Ba, 49-4; B, 15-8. BaB,O, requires Ba, 49-8; B, 15-9%). 


In conclusion, we wish to record our thanks to Dr. M. W. Travers, F.R.S., for his interest 
in the work. 


ScIENCE COLLEGE, PATNA, INDIA. [Received, August 20th, 1941.] 





131. Two Ketones of the Stilbestrol Group. 
By (Mrs.) R. JAEGER and SiR ROBERT ROBINSON. 


The remarkable cestrogenic potency of 4: 4’-dihydroxy-x«$-diethylstilbene (stil- 
beestrol) (Dodds, Golberg, Lawson, and Robinson, Proc. Roy. Soc., 1939, B, 127, 140, 


and earlier and later papers) suggested a study of related ketones in order to deter- 
mine whether any progestational action can be observed. 


The required compounds have been synthesised, but it appears from the report of 


Professor E. C. Dodds that the cestrogenic properties of these substances are of an order 
which would inhibit the exhibition of progestational activity. 


p-NITROPHENYLACETIC acid (Organic Syntheses, Coll. Vol. I., 389, 398) was reduced 
(Robertson and Stieglitz, J. Amer. Chem. Soc., 1921, 48, 180) and converted into p-cyano- 
phenylacetic acid by means of the Sandmeyer reaction. Condensation of p-cyanophenyl- 
acetyl chloride and anisole in the presence of aluminium chloride afforded 4-cyano-4'- 
methoxydeoxybenzoin, CN°-C,H,°CH,°CO’C,H,°OMe (I), which was C-ethylated by means 
of ethyl iodide and alcoholic sodium ethoxide. The 4-cyano-4'-methoxy-a-ethyldeoxy- 
benzoin, CN-C,H,-CHEt-CO-C,H,°OMe (II), reacted with ethylmagnesium bromide to 
form 3-anisyl-4-p-cyanophenylhexan-3-ol, CN*C,H,*CHEt*CEt(OH)-C,H,OMe (III). This 
was changed by methylmagnesium bromide and hydrolysis of the product into 4-methoxy- 
4'-acetyl-«-diethylstilbene, CH,-CO-C,H,CEt:CR-C,H,OR’ (IV; R = Et, R’ = Me), and 
this was demethylated by hydrobromic acid to a phenolic ketone (IV; R = Et, R’ = H)(P3). 
A far more convenient process, and one that involved fewer difficulties in the purifications, 
was available for the preparation of the lower homologue; it consisted in treating (II) 
directly with methylmagnesium bromide and hydrolysing the product. 

_ 4-Methoxy-4'-acetyl-a-methyl-B-ethylstilbene (IV; R and R’ = Me) was thus obtained 
and on demethylation it furnished 4-hydroxy-4'-acetyl-a-methyl-B-ethylstilbene (IV; 
R= Me, R’=H) (Pl). A ¢ert.-alcohol prepared by the action of methylmagnesium 
bromide on this phenolic ketone was tested (P2), but it was mixed with a compound of 
higher carbon content. 

We are greatly indebted to Professor E. C. Dodds for permission to include the following 
report of his biological experiments (the indications Pl, P2, P3 are given above). 

Test for Progesterone Activity in Immature Rabbits Four immature rabbits were each 
injected with a total dose of 150 m.u. of cestradiol benzoate over a period of 5 days and 
subsequently with daily doses of one of the test substances or of progesterone (Proluton) 
for 6 days. The rabbits were killed 24 hours after the last injection, and the uteri dis- 
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sected, fixed in Bouin’s fluid, and after sectioning stained with hematoxylin and eosin. 
The progestational proliferation is expressed below in terms of the indices given by McPhail 
(J. Phystol., 1936, 83, 145). 


Substance. 


Ps 
Progesterone 


It is evident that in the dosages employed there was no progesterone activity in the test 
compounds. It was, however, noticed that the uteri of the experimental animals were 
larger than that of the control animal. In the case of the rabbit injected with P, this was 
obviously not due to any difference in body weight, and suggests that the substances 
were cestrogenic. 

Test for Estrogenic Activity.—Groups of ovariectomised female rats were injected with 
the test substances—six injections of sesame oil solutions being given over 3 days and 
the vaginas examined by smear for 3 subsequent days. The results are expressed in terms 
of percentage rats showing full cornification of the vaginal epithelium (Z). 


% E. 
Py. 
100 
100 
60 
Influence of GEstrogens on Progesterone Activity.—Simultaneous injection of cestrogen 
will inhibit the action of progesterone on the rabbit uterus (Hisaw and Leonard, 1930) 


and in the literature are the following quantitative data for the interaction, various methods 
of assay being used on non-pregnant animals. 


Dose of progesterone. Inhibitory dose of cestrogen. 
0-75 mg. “01 mg. cestrone (Robson, J. Physiol., 1936, 88, 100). 
1-5 mg. ‘02 mg. cestradiol (Courrier, Conférence Singer-Polignac. Ed. Brouha, 1938, 
L, p. 39). 
5-0 mg. -04 mg. cestradiol (Allen, Hisaw, and Gardner, ‘‘ Sex and Internal Secretions,”’ 
2nd Edn., 1939, 452). 


Considering the variations in individual technique, these results are fairly consistent and 
Allen e al. state definitely that with higher doses of progesterone proportionally higher 
amounts of cestrogen have to be used to inhibit the progesterone action. To demonstrate 
possible progesterone action in the three compounds tests would therefore have to be 
performed with very large doses. The’cestrogenic activity of the three substances in the 
doses employed in the rabbit test was obviously sufficient to inhibit any possible pro- 
gesterone activity. From the cestrogenic assays performed on Pl—3 and the fact that 
approximately 1 ug. of cestrone is needed to produce 100% cestrus by this ‘procedure we 
may presume that the doses given to the rabbits were cestrogenically equivalent to ap- 
proximately 12 ug., 200 yg., and 14 ug. of cestrone respectively. From the figures given 
for the inhibition of progesterone by cestrogen it can be assumed that 60—70 mg. of P, and 
P, contain less progesterone activity than 1—2 mg. of progesterone and 30 mig. of P, less 
than 10 mg. of progesterone. 
EXPERIMENTAL. 

p-Cyanophenylacetic Acid.—This substance has been obtained by Mellinghoff (Ber., 1889, 
22, 3212) by semi-hydrolysis of p-cyanophenylacetonitrile; we have found the following method 
more convenient. Sodium nitrite (14 g.) in water (40 c.c.) was added to an ice-cold solution of 
p-aminophenylacetic acid (30 g.) and sodium carbonate (21-2 g.) in water (150 c.c.), and this 
mixture gradually added with stirring to hydrochloric acid (84 c.c., d 1-16) and water (84 c.c.) 
below 10°. The diazotised solution was slowly added to copper sulphate (48 g., hydrated) 
and potassium cyanide (60 g.) dissolved in water (250 c.c.), with vigorous stirring during the 
addition and for 1 hour afterwards. The mixture was heated at 50° for 1 hour, filtered, and 

3D 
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acidified with hydrochloric acid. The solid was collected, boiled with water (charcoal), and 
crystallised from water; it formed yellow needles, m. p. 152° (yield, 50%). 

4-Cyano-4'-methoxydeoxybenzoin (1).—p-Cyanophenylacetic acid (60 g.) was converted by 
means of thionyl chloride (300 g.) into its chloride, which after removal of the excess of the 
reagent remained in long, pale brown needles, m. p. 91—92°. Powdered aluminium chloride 
(75 g.) was added to a solution of the crude acid chloride and anisole (44 g.) in nitrobenzene 
(300 c.c.) cooled in an ice-bath and shaken from time to time. After being kept for 48 hours 
at room temperature, the mixture was heated for a short time at 60°, cooled, and decomposed 
with ice and hydrochloric acid, and the dark red oil washed with water in order to free it from 
soluble acids and salts. After removal of nitrobenzene by steam distillation the residual yellow 
oil was collected; it had b. p. 212—214°/0-2 mm. and formed white plates, m. p. 116—117°, 
from 90% alcohol (Found: C, 76-6; H, 5-3. C,,H,,;0,N requires C, 76-5; H, 5-2%) (yield, 
50—60%). 

The 2: 4-dinitrophenylhydrazone crystallised from acetic acid or ethyl acetate in orange 
needles, m. p. 212° (Found: N, 16-5. (C,,H,,0O,N, requires N, 16-2%). , 

4-Cyano-4'-methoxy-a-ethyldeoxybenzoin (II).—Ethyl iodide (25 g.) was added in one portion 
to a solution of cyanomethoxydeoxybenzoin (40 g.) in alcoholic sodium ethoxide (3-7 g. of 
sodium in 65 c.c.) previously heated on the steam-bath. The violent reaction, necessary for 
the best results, was controlled by cooling. After refluxing for 10 minutes, more alcoholic 
sodium ethoxide (1-5 g. of sodium in 25 c.c.) and ethyl iodide (10-2 g.) were added, and the 
mixture refluxed for 6 hours. After dilution with water and removal of the alcohol under 
diminished pressure, an ethereal extract of the product was washed with aqueous sodium 
thiosulphate and water, dried, and distilled. The product was a yellow oil (35 g.), b. p. 202— 
205°/0-3 mm.; it crystallised on trituration with ether and separated from ethyl alcohol in 
colourless plates, m. p. 60—62° (Found: C, 77-7; H, 6-1. C,,H,,0,N requires C, 77-4; H, 
6-1%). The dinitrophenylhydrazone was a viscous red tar and could not be induced to 
crystallise. 

3-A nisyl-4-p-cyanophenylhexan-3-ol (III).—A solution of cyanomethoxyethyldeoxybenzoin 
(6 g.) in ether (25 c.c.) was added dropwise with stirring to an ice-cold solution of ethyl- 
magnesium bromide (from 3-6 g. of ethyl bromide and 0-85 g. of magnesium) in ether (40 c.c.) ; 
stirring and cooling were continued for 1 hour and the mixture was kept for 12 hours. After 
decomposition with ice and ammonium chloride the product was isolated by means of ether; 
it formed a pale yellow oil (5 g.), b. p. 192—198°/0-2 mm. (Found: C, 77:8; H, 7:3; N, 4:6. 
Cy9H,30,N requires C, 77-7; H, 7-4; N, 45%). 

4-Methoxy-4'-carboxy-aB-diethylstilbene.—A solution of anisylcyanophenylhexanol (1 z) in 
methyl] alcohol (40 c.c.) was saturated with hydrogen chloride and refluxed for 8 hours. Methyl 
alcohol (20 c.c.) was added, and the liquid again saturated with hydrogen chloride and refluxed 
for 8hours. The resulting ester was isolated in the known manner as a viscous oil and hydrolysed 
by means of boiling aqueous potassium hydroxide (10%). The acid was liberated as a gum; 
it crystallised from acetic acid (50%) (charcoal) in needles (0-1 g.), m. p. 167° (Found: C, 77-1; 
H, 6-8. Cy 9H,,0O, requires C, 77-4; H, 7-1%). Attempts to improve the yield by different 
procedures were unsuccessful. The action of a boiling mixture of acetic acid, sulphuric acid, 
and a little water resulted in extensive decomposition and tar formation. 

When the nitrile (2 g.) was refluxed for 24 hours with water (20 c.c.), alcohol (60 c.c.), and 
potassium hydroxide (10 g.), an oily acid could be isolated from the product. This slowly 
solidified in part and after draining on a porous tile crystallised from aqueous alcohol in colour- 
less, fluffy needles, m. p. 142°. The yield was only 10% and was increased to 30% by heating 
the nitrile (2 g.) with water (10 c.c.), alcohol (65 c.c.), and potassium hydroxide (10 g.) at 165° 
for 2 hours in a closed steel tube. The purified acid, m. p. 142°, was evidently 3-anisyl-4-p- 
carboxyphenylhexan-3-ol (Found: C, 73-1; H, 7-5. CygH,,O, requires C, 73:2; H, 7-3%). 

These two acids were prepared with the idea of hydrogenating the nucleus bearing the 
carboxyl, but the unfavourable yields induced us to seek a solution of this problem in a different 
way. Similar compounds, the preparation of which will, it is hoped, be placed on record in a 
short time, have, however, shown considerable resistance to hydrogenation. 

4-Methoxy-4'-acetyl-aB-diethylstilbene (IV; R = Et, R’ = Me).—A solution of anisyleyano- 
phenylhexanol (5 g.) in ether (25 c.c.) was slowly added to one of methylmagnesium bromide 
(2-5 g. of magnesium) in ether (15 c.c.) with cooling and stirring (cf. Butenandt and Schmidt- 
Thomé, Ber., 1939, 72, 182). The mixture was refluxed for 12 hours, cooled, and cautiously 
decomposed by the addition of acetic acid (30 c.c.) and water (20c.c.). The ether was evaporated, 
and the residue refluxed for 15 minutes. The neutral product, collected by means of ether, 
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distilled as a pale yellow oil (4-5 g.), b. p. 186—190°/0-2 mm. (Found: C, 82-6; H, 7:9%). 
This material was sufficiently pure for most purposes, but several preparations gave the high 
value for carbon content cited. A mixture with Girard’s reagent T (4-5 g.) (Helv. Chim. Acta, 
1936, 19, 1095, 1107), ethyl alcohol (45 c.c.), and acetic acid (4-5 c.c.) was refluxed for 1 hour. 
After cooling, it was added to an ice-cold solution of sodium carbonate (3-8 g.) in water (450 
c.c.) and shaken with ether. The emulsion formed separated after several hours; the aqueous 
layer was acidified, and the recovered ketone collected by means of ether; b. p. 162—172°/0-4 
mm. (Found: C, 82:1; H, 80. C,,H,,O, requires C, 81:8; H, 7-8%). The 2: 4-dinitro- 
phenylhydrazone showed little tendency to crystallise, but separated from benzene-light 
petroleum (b. p. 40—60°) (1 : 10) as a red crystal powder, m. p. 102°. 
'4-Hydroxy-4'-acetyl-aB-diethylstilbene (IV; R= Et, R’ = H).—A mixture of methoxy- 
acetyldiethylstilbene (4 g.), acetic acid (30 c.c.), and hydrobromic acid (12 c.c., d 1-5) was 
refluxed (bath at 170°) for 1—14 hours. The product, freed from acids, was collected by means 
of ether and boiled with 2N-sodium hydroxide; unchanged material was recovered and .sub- 
mitted again to the demethylation process. The phenol was liberated from the alkaline solu- 
tion, isolated in the usual manner, and distilled (2 g.). It formed a pale yellow glass, b. p. 
202—206°/0-2 mm. (Found: C, 81-2; H, 7-6. C, 9H,,O, requires C, 81-6; H, 7-5%). There 
was considerable loss due to the formation of condensation or polymerisation products or both. 
4-Methoxy-4'-acetyl-a-methyl-B-ethylstilbene (IV; R and R’ = Me).—4-Cyano-4’-methoxy- 
a-ethyldeoxybenzoin (5 g.) was treated with methylmagnesium bromide (from 5 g. of mag- 
nesium) under the conditions described above in the case of cyanomethoxydiphenylhexanol. 
The colourless oil (4 g.) obtained had b. p. 191—194°/0-3 mm. (Found: C, 81:7; H, 7-6. 
Cy5H,,O, requires C, 81:6; H, 7:-5%). The 2: 4-dinitrophenylhydrazone crystallised from 
benzene-—light petroleum in small, red prisms, m. p. 115°. 
4-Hydroxy-4'-acetyl-a-methyl-B-ethylstilbene (IV; R= Me, R’ = H).—This was prepared 
from the foregoing by the method described for the diethyl analogue. The pale yellow glass 
(yield, 50%) had b. p. 210—218°/0-4 mm. (Found: C, 81:3; H, 7-1. Cy gH, O, requires C, 
81-4; H,7-1%). The acetyl derivative, formed by refluxing with acetic anhydride and anhydr- 
ous sodium acetate, was obtained as a colourless oil by distillation in a high vacuum. It 
solidified and then crystallised from alcohol in white needles, m. p. 102° (Found: C, 77-9; 
H, 7-1. C,,H,,O, requires C, 78-4; H, 6-9%). 
Treatment of the phenolic ketone (3 g.) with an excess of methylmagnesium bromide afforded 
a product (1-8 g.), b. p. 190—198°/0-3 mm., which was far more mobile than the starting material, 
from which it was freed by means of Girard’s reagent T. The analytical results (Found: C, 
83-7, 83-7; H, 8-0, 8-1. C,9H,,O requires C, 86-4; H, 7:9%. C. .H,.,O, requires C, 81-1; H, 
8-1%) suggest an approximately 1:1 mixture of 4-hydroxy-4’-«-hydroxyisopropyl-a«-methyl- 
§-ethylstilbene and the isopropenyl derivative derived by dehydration. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 31st, 1941.] 





132. Some Derivatives of Thioxanthen. 
By C. V. T. CAMPBELL, A. Dick, J. FERGuson, and J. D. Loupon. 


Benzaldehydes, substituted in the o-position by an arylthio-group, dissolve in 
concentrated sulphuric acid to give intensely red solutions, from which mixtures of 
the corresponding thioxanthen and thioxanthone are obtained by pouring into water. 
On the other hand, the thioxanthhydrol results from a similarly substituted benzophen- 
one. The requisite carbonyl compounds are obtained by replacement of the chlorine 
atom in 2-chloro-5-nitro-benzaldehyde or -benzophenone, or of a nitro-group in 2: 4- 
dinitrobenzaldehyde, in reaction with the sodium salts of thiophenols. 


THE replaceable character of the nitro-groups in 2 : 4-dinitrodiphenylsulphones (Loudon, 
J., 1936, 218) and in 2: 4-dinitrobenzonitrile (Holmes and Loudon, J., 1940, 1521) sug- 
gested the use of 2: 4-dinitrobenzaldehyde (I) as a source of diaryl sulphides containing 
an aldehydic function. Experiment showed that the aldehyde reacted with the sodium 
salts of thiols in the expected manner : for example, with thio-p-cresol and sodium hydroxide 
there was produced 4-nitro-2-(p-tolylthio)benzaldehyde (I1) together with a smaller amount 
of 2-nitro-4-(p-tolylthio) benzaldehyde (III). These products were identified by conversion, 
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via their oximes, into the known benzonitriles (e.g., III —-> IV) (Holmes and Loudon, 
loc. cit.) and were further characterised by oxidation to the corresponding sulphone-acids 
(e.g., II —> V). 


CN CHO CHO CHO CO,H 


NO, € Sn bs 3 Cy a * ee Cs CoH, 
CoH No Xo 


S-C,H, 


2 2 
(III.) (I.) | (II.) | (v,) 
J l 


Y 
CH, CO PR 
Me Me Me 
HOO” aOOOr= oO 
\s S NS, 


(VI.) (VII.) (VIII.) 





In contact with concentrated sulphuric acid diaryl sulphides containing an o-aldehydic 
group undergo what appears to be a general reaction resulting in the formation of thio- 
xanthylium salts. This is apparent from the intense colour development which occurs as 
the solid dissolves and, in some cases at least, the reaction is complete almost as soon as 
dissolution at room temperature has been effected. Nevertheless, we have not been able 
to isolate thioxanthhydrols from the aldehydes, since on addition of the red solutions to 
ice-water there was produced in each case a mixture containing equivalent amounts of 
the thioxanthen and thioxanthone (e.g., VI and VII). Oxidation of the products gave the 
thioxanthone dioxides; 6-nitro-2-methylthioxanthone dioxide (VIII) was independently 
synthesised by cyclisation of the acid (V), and 7-nitro-2-methylthioxanthone and its dioxide 
were similarly prepared. by the alternative routes, via the respective sulphides, from 
seer alana net and 2-chloro-5-nitrobenzoic acid. 


Ph, OH 


» 
(IX.) ny jen . Or (X.) 
vA 


When the keto-sulphide (IX), obtained from 2-chloro-5-nitrobenzophenone and thio-p- 
cresol, was treated with concentrated sulphuric acid, the product had the expected pro- 
perties of the thioxanthhydrol (X). It gave a coloured salt with dry hydrogen chloride 
in ether, formed a deep red, crystalline chloride-ferrichloride, was readily reduced to the 
corresponding thioxanthen by heating with alcoholic hydrochloric acid, and formed an ethyl 
ether when warmed in alcohol containing a trace of acid but crystallised unchanged from 
the pure solvent. Its formation recalls the production of xanthhydrols and thioxanth- 
hydrols (Reilly and Drumm, J., 1930, 455; Proc. Roy. Irish Acad., 1930, 39, 515) from 
diaryl ethers and thio-ethers respectively in the Friedel-Crafts reaction with benzoyl 
chloride, and we have confirmed the efficacy of aluminium chloride as condensing agent 
also for the reaction (IX) —> (X). Analogous cyclisations using sulphuric acid have 
been effected by Decker and co-workers (Annalen, 1906, 348, 231, 238) on 1-phenoxy- 
and 1-phenylthio-anthraquinones, but the conditions described are much more severe 
than those required in the present case. 

Preliminary experiments have shown that oxy-ethers undergo cyclisations similar to 
those of the thio-ethers and other applications of the process will be investigated. 


EXPERIMENTAL. 


4-Nitro-2-(p-tolylthio)benzaldehyde (II).—2:4-Dinitrobenzaldehyde (7-6 g.) in alcohol 
(35 c.c.) was cooled in ice and treated, with shaking and in small quantities at a time, with an. 
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ice-cold solution of thio-p-cresol (5-6 g.) and sodium hydroxide (1-6 g.) in alcohol (20 c.c.) and 
water (3 c.c.). The intense red colour which developed was allowed to fade to an orange- 
yellow after each addition and a small piece of ice was added to the reaction mixture from time 
totime. Towards the end of the operation the product began to separate and when the addition 
was completed the whole was set aside for 1—2 hours. Crystallisation from acetic acid (mother- 
liquor preserved; see below) gave (II) in slender yellow needles, m. p. 147° (Found: C, 61-6; 
H, 4:1; N, 5:2. C,gH,,O,NS requires C, 61-5; H, 4:0; N, 5-1%). It formed an oxime, m. p. 
164° (Found: N, 9-8. (C,,H,,0;N,S requires N, 9-7%), from which 4-nitro-2-p-tolylthio- 
benzonitrile, m. p. and mixed m. p. 155—156° (Holmes and Loudon, /oc. cit.), was obtained by 
heating for 2 hours with acetic anhydride. 

2-Nitro-4-(p-tolylthio)benzaldehyde (III).—When the acetic mother-liquor from (II) was 
moderately diluted with water and set aside for some days there slowly separated a mixture 
of yellow feathery needles, identified as (II), together with compact hexagonal prisms or plates 
of a much lighter colour. The latter were roughly separated by hand and were recrystallised 
from acetic acid—alcohol, yielding needles, m. p. 109°, depressed by admixture with (II) (Found : 
C, 61-8; H, 4:0; N, 5-0. ©C,,H,,O,NS requires C, 61-5; H, 4-0; N, 51%). The oxime, formed 
in the usual way, had m. p. 108° after crystallisation from benzene-—ligroin (Found : N, 10-0. 
C,,H,,0,N,S requires N, 9-7%) and, on dehydration, gave 2-nitro-4-p-tolylthiobenzonitrile, 
m. p. and mixed m. p. with an authentic specimen 116°. 

4-Nitro-2-(B-naphthylthio)benzaldehyde was obtained when thio-$-naphthol was used in the 
process described for (II), with the addition of dioxan to promote solubility. The precipitate 
formed in the course of the reaction consisted almost entirely of B-naphthyl disulphide, which 
was removed, and the required product obtained by diluting the mother-liquor with water. 
After repeated crystallisation from acetic acid, it formed matted orange needles, m. P. 156— 
157° (Found: C, 66-1; H, 3-7. C,,H,,0O,NS requires C, 66-0; H, 3-6%), but no isomeric 
substance could be isolated in a pure condition. 

5-Nitro-2-(p-tolylthio)benzaldehyde.—2-Chloro-5-nitrobenzaldehyde (2-4 g.) in warm alcohol 
was treated slowly with a hot aqueous alcoholic solution of thio-p-cresol (1-8 g.) and sodium 
hydroxide (0-6 g.). The reaction was completed by warming on the water-bath for 30 minutes ; 
after cooling, the product was collected and crystallised from acetic acid, forming long yellow 
needles, m. p. 156° (Found: C, 61-7; H, 4:3. C,,H,,0,NS requires C, 61-5; H, 4-:0%). 

5-Nitro-2-(p-tolylthio)benzophenone (IX) was similarly obtained from 2-chloro-5-nitrobenzo- 
phenone, heating being continued for 1 hour. It formed dense, pale yellow cubes when 
slowly crystallised from alcohol—acetic acid and had m. p. 102° (Found: C, 68-7; H, 4:3. 
C.5H,;0,;NS requires C, 68-8; H, 43%). Oxidation with hydrogen peroxide in acetic acid 
gave the corresponding sulphone, m. p. 184° (Found: C, 63-15; H, 4-3. C,9H,,O,;NS requires 
C, 63-0; H, 3-9%), from which, and also from the chloro-ketone, there was obtained, by heating 
with piperidine, 5-nitro-2-piperidinobenzophenone, m. p. 102° (Found: N, 9-2. C,,H,,0,N, 
requires N, 9-0%) 

5-Nitro-2-(p-tolylthio)benzoic acid was similarly obtained from 2-chloro-5-nitrobenzoic acid, 
thio-p-cresol, and sodium hydroxide (2 mols.). After acidification the product was crystallised 
from acetic acid and had m. p. 253° (Found: C, 58-3; H, 3-7. C,,H,,0O,NS requires C, 58-1; 
H, 3-8%). 

4-Nitro-2-(p-toluenesulphonyl)benzoic Acid (V).—(a) The aldehyde (II) was oxidised by 
warming with hydrogen peroxide in acetic acid. (b) An aqueous solution of sodium 2-chloro- 
4-nitrobenzoate and sodium #-toluenesulphinate was heated with copper bronze at 130° for _ 
3 hours. In each case after purification from alcohol, the product was obtained in colourless 
prisms, m. p. and mixed m. p. 217° (Found: C, 52-3; H, 3-3. C,,H,,O,NS requires C, 52-3; 
H, 3-4%). 

2-Nitro-4-(p-toluenesulphonyl)benzoic acid, m. p. 191° after crystallisation from acetic acid, 
was obtained when the aldehyde (III) was oxidised with hydrogen peroxide in acetic acid 
(Found: C, 52-3; H, 3-3. C,,H,,O,NS requires C, 52-3; H, 3-4%). 

6-Nitro-2-methyl-thioxanthone (VII) and -thioxanthen (V1).—The aldehyde (II) was shaken 
with concentrated sulphuric acid until a clear red solution was obtained. This was left for 
several hours and was then poured on ice. The solid was collected, washed with water, and 
dissolved in boiling acetic acid, from which on standing the thioxanthone (VII) separated, form- 
ing yellow leaflets, m. p. 276° (Found: C, 61-8; H, 3-7. C,,H,O,NS requires C, 62-0; H, 
3:3%). The mother-liquor on dilution with water gave the thioxanthen (VI), which crystallised 
from alcohol—acetic acid in plates, m. p. 155° (Found: C, 65-2; H, 4:5. C,,H,,O,NS requires 
C, 65-4; H, 4-3%). 
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6-Nitro-2-methylthioxanthone Dioxide (VIII).—(a) The thioxanthone (VII) or the thiox- 
anthen (VI), dissolved in acetic acid at 100°, was oxidised with hydrogen peroxide. (b) A 
solution of (V) in nitrobenzene was heated on the water-bath with thionyl chloride, the excess 
of which was removed by distillation when the reaction was complete. Thereafter aluminium 
chloride was added, and heating continued for 2 hours. After addition of water the nitro- 
benzene was distilled in steam, and the residue purified from acetic acid. In each case the 
dioxide was obtained and had m. p. 238° (Found: C, 55-2; H, 3-1. C,,H,O,NS requires C, 
55-5; H, 30%). 

6-Nitro-1 : 2-benz-thioxanthone and -thioxanthen were prepared from 4-nitro-2-(8-naphthyl- 
thio)benzaldehyde as in the previous case. . The thioxanthone formed golden needles, m. p. 
273°, from acetic acid (Found: C, 66-6; H, 3-0. C,,H,O;NS requires C, 66-45; H, 2-9%), 
and the thioxanthen pale yellow, brittle needles, m. p. 168° (Found: C, 69-5; H, 3-7. 
C,,H,,0,NS requires C, 69-6; H, 3-75%). 

7-Nitro-2-methyl-thioxanthone and -thioxanthen, from 5 nitro-2-(p-tolylthio)benzaldehyde, 
had m. p. 262° (Found: C, 61-5; H, 3-6. C,,H,O,NS requires C, 62-0; H, 3-3%), and m. p. 
146° (Found: C, 65-35; H, 4:8. C,,H,,O,NS requires C, 65-4; H, 4-3%), respectively. The 
thioxanthone was also prepared by dissolving 5-nitro-2-(p-tolylthio)benzoic acid in fuming 
sulphuric acid. Both samples gave the same dioxide, m. p. 287°, on oxidation (Found: C, 
55-45; H, 2-6. C,,H,O,NS requires C, 55-5;.H, 30%). 

7-Nitro-9-phenyl-2-methylthioxanthhydrol (X).—(a) The keto-sulphide (IX) was dissolved 
in cold concentrated sulphuric acid and the solid obtained by pouring into ice-water was washed 
with dilute sodium carbonate solution and then with water. (b) The ketone, aluminium 
chloride, and nitrobenzene in a stoppered flask were kept at room temperature for 3 days and 
after addition to ice-water and washing free of acid, the nitrobenzene was removed in steam. 
In each case the crude product, after drying, crystallised from benzene-ligroin in yellow prisms, 
m. p. 203° (Found : C, 68-5; H, 4-4. C,9H,,0,;NS requires C, 68-8; H,4-3%). Whensolutions 
of the thioxanthhydrol and ferric chloride in acetic acid, previously saturated with hydrogen 
chloride, were mixed there was formed a red precipitate of the chloride-ferrichloride. It 
crystallised from the same solvent and decomposed at 197—200° (Found: Fe, 11-0; Cl, 26-3. 
C.9H,4O,NCIS,FeCl, requires Fe, 10-5; Cl, 26-8%). An unstable red chloride, presumably a 
chloride hydrochloride, was formed by passing dry hydrogen chloride into a solution of (X) in 
ligroin and was converted by warming with alcohol into.the ethyl ether, m. p. 151° (Found : 
C, 70-5; H, 5-4. C,.H,,0O,NS requires C, 70-0; H, 5-05%), also formed when (X) was heated 
with alcohol containing a trace of sulphuric acid. 

7-Nitro-9-phenyl-2- -methylthioxanthene, m. p. 167° after crystallisation from alcohol, was 
obtained by heating a solution of (X) i in alcohol saturated with dry “el chloride (Found : 
C, 72:2; H, 4:5. C,9H,,O,NS requires C, 72-1; H, 4-5%). 


Grateful acknowledgment is made to The Carnegie Trustees for a Teaching’ Fellowship held 
by one of us (J. D. L.) and to Mr. J. M. L. Cameron, who performed the micro-analyses. 


THE UNIVERSITY, GLASGOW. [Received, August 5th, 1941.) 





133. Experiments on the Formation of Mixed Osazones and their 
Anhydrides. 


By E. E. Percivat and E. G. V.. PERCIVAL. 


The preparation of galactosephenylmethyl-phenylosazone and of its anhydride are 
described and a structure is proposed for the latter. It is shown that the two isomeric 
glucosephenylmethyl-phenylosazones of Votocek and Vondrdcek give rise to the same 
anhydride, for which a structure is proposed embodying a 2 : 6-oxide ring and a 1: 3- © 
pyrazoline ring. Possible explanations of the structural differences between two 
isomeric fructosephenylmethylphenylosazones are considered. 


Ir was shown (J., 1936, 1770) that d-glucosazone tetra-acetate and d-galactosazone tetra- 
acetate yielded a dianhydrohexosazone on deacetylation and the proposed structure (I) 
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was shown later (J., 1938, 1384) to agree with the observation that d-gulosazone gave the 

same product, and that, since a primary alcohol residue was absent, 

CH——N the 2 : 6-oxide ring structure previously postulated for glucosazone 

—NH | (J., 1935, 1398) and later for galactosazone (J., 1940, 1479) was 

1 7h retained in this anhydride. The stereochemical structure of (I) 

H-C—NPh was, however, undecided, although the isolation of the same 

OH anhydride from the three osazones (and of its enantiomorph from 

t ree. l-sorbosazone) made it clear that in appropriate circumstances 

inversion could take place at both C, and C, and probably also at 

C,. By replacing each of the phenylhydrazine residues in turn by 

phenylmethylhydrazine, which cannot take part in anhydride 

formation, it was hoped to secure information from rotational data as to where inversion 

occurred, to determine also whether the 2 : 6-oxide ring would be retained when C, carried 

a phenylmethylhydrazine residue [since Wolfrom and Christman (J. Amer. Chem. Soc., 

1931, 53, 3413) have demonstrated that galactosephenylmethylhydrazone is acyclic and 

their evidence is supported by the low specific rotation of this compound], and to throw 

an on the structures of the two isomeric fructosephenylmethylhydrazones (J., 1940, 
1511). 

Galactosephenylmethylhydrazone and phenylhydrazine readily yielded galactose- 
phenylmethyl-phenylosazone, m. p. 178°, [a]}7” + 98°, the crystalline tetra-acetate of which, 
m. p. 183°, [«]}" + 85°, yielded on deacetylation a monoanhydrogalactosephenylmethyl- 
phenylosazone, m. p. 172°, [«]}*° + 100°, which yielded a crystalline diacetate. The di-p- 
toluenesulphonate did not react with sodium iodide in acetone at 100° and it was therefore 
concluded that a primary alcohol residue was absent (Oldham and Rutherford, J. Amer. 
Chem. Soc., 1932, 54, 366). The anhydride is therefore considered to be (II). From 
the similarity in the specific rotations of galactosephenylmethyl-phenylosazone and its 
anhydro-derivative it would seem likely that the configuration on C, is not changed on 
anhydride formation, although if this is « (III) inversion is necessary on C, and the anhydride 
would be related to fructopyranose. 


CH:N-NMePh 
—NH H CH,OH 
HO-C-H H | o CH:N-NMePh - HO |__( NH-NMePh 


H-(—NPh <>, 
H-C-OH HO NH-NHPh H | H 


CH, H H *NHPh 
(II.) (III.) (IV.) 


If the galactosephenylmethyl-phenylosazone possessed structure (IV) containing a 
1 : 5-oxide ring, great strain would be imposed on anhydride formation owing to the 
rigidity conferred by the presence of the double bond, and this is a further argument in 
favour of (IIT). 

Attempts to prepare galactosephenyl-phenylmethylosazone failed. Treatment of 
galactosephenylhydrazone with phenylmethylhydrazine invariably led to the production 
of galactosephenylmethylhydrazone (70%) together with the same osazone (12%) as 
described above, which yielded the same anhydride. 

It was also found impossible in the glucose series to prepare one of the desired mixed 
osazones. Votocek and Vondra¢ek (Ber., 1904, 37, 3848) claimed the isolation of glucose- 
phenylmethyl-phenylosazone (B), m. p. 205°, from glucosephenylmethylhydrazone and 
phenylhydrazine and of glucosephenyl-phenylmethylosazone (A), m. p. 192°, together 
with (B) from glucosephenylhydrazone (and fructosephenylhydrazone) and phenylmethyl- 
hydrazine. These facts were verified, but we disagree with Votocek’s structure for (B). 
a ae and phenylmethylhydrazine gave a product (A), m. p. 194°, 
[a)> — 6°, and (B), m. p. 203°, [«]>° — 60°—> — 15°. Glucosephenylmethyl- 
0 Bian and ind pheayihydrasine gave an osazone identical with (B) and Votoéek’s observ- 
ation that more vigorous treatment gave glucosazone was confirmed. When fructose- 





752 Percival and Percival: Experiments on the 


phenylmethylhydrazone prepared according to Ofner (Monatsh., 1905, 26, 1165) was 
treated with phenylhydrazine, a mixed osazone identical with (B) was obtained, whereas 
the fructosephenylmethylhydrazone, m. p. 170° (J., 1937, 320) gave rise exclusively to* 
(A). From this result it would appear that both (A) and (B) carry the phenylmethyl- 
hydrazine residue on C,, although the formation of (B) from glucosephenylmethylhydrazone 
appears to indicate that it is on C, in this case. In one case, therefore, a phenylmethyl- 
hydrazine residue has been displaced and transferred to another carbon atom. That 
displacement can occur is evident, since glucosazone can be isolated when glucosephenyl- 
methylhydrazone is heated with phenylhydrazine and in the galactose series the same 
phenomenon was noted. The weight of evidence suggests that the transference occurs 
in the latter reaction, since the osazone took seven minutes to appear in the case of glucose- 
phenylmethylhydrazone, whereas when either of the fructosephenylmethylhydrazones 
was employed only one minute was required under identical conditions. The conclusion 
reached, therefore, is that both (A) and (B) are glucosephenyl-phenylmethylosazones. 
That both have essentially the same structure is shown by the fact that they gave amorphous 
acetates of similar properties, [«]>° — 43°, which on deacetylation yielded the same mono- 
anhydroglucosephenyl-phenylmethylosazone, m. p. 176—178°, [a] — 158°, which yielded 
a crystalline diacetate, m. p. 158°, [«]#" — 151°, and a ditosyl derivative which suffered no 
reaction on heating with sodium iodide in acetone. The structure (V) is therefore assigned 
to the anhydride and this was confirmed by the isolation of a crystalline monoacetone 
derivative. 

If (A) and (B) possess the @-configuration (VI), then inversion has taken place on C, 
Gating anhydride formation and (V) is an allose derivative. The specific rotations of 

(A) and (B) would seem to be too similar for the difference between 
CH=N them to be accounted for by a cyclic structure in one case and an 
‘-NH-NMePh acyclic one in the other, and the fact that both yield an anhydride 
H: ‘C—NPh of the above structure suggests that both are fructopyranosazones. 
H:C-OH It.is possible that the differences between them may be accounted 
HG OH for by the fact that one is a syn- (VII) and the other an anti- (VIII) 
| form, or that one is the isomeric azo-form, -CH,-N=NPh, as sug- 
*. gested by Zerner and Waltuch (Monatsh., 1914, 35, 1025), although 
rearrangement would be necessary in this case to supply the 

hydrogen atom for anhydride formation. In the case of (VII) anhydride formation on 
C, is also impossible and it would be necessary to suppose that during the acetylation 
which precedes anhydride formation the syn-form is converted into the anti-form; this 
is supported by the observation that the acetates formed from (A) and (B) are indistinguish- 


NH:NMePh 
H | H NH-NMePh 
rh o. NH:NMePh . =| | < > 
| HO H HO 
H HO 3 i aS, HO C NHPh 
HO || CH:N: NHPh \ OH H UN / 


OH H NHPh 
(VI.) (VII.) (VIII.) 


- able. The experimental results, however, do not enable us to decide between any of these 
hypothetical structures. 

As suggested previously (J., 1940, 1511), it is probable that the fructosephenylmethyl- 
hydrazones differ because one is cyclic ([«]° — 253°) and the other is acyclic. From the 
above-results osazone (A) is derived from the cyclic and (B) from the acyclic form, although 
a pyranose ring then appears in (B). Why different osazones finally result is not clear, 
although it may be permitted to speculate that in the acyclic case the entering phenyl- 
hydrazine residue is forced into the syn-form by the repulsive effect of the >C:N-NMePh, 
which is rigidly attached by the double bond in a plane perpendicular to that containing 
the carbon atoms. If the production of an azo-form is concerned, a similar explanation 
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could be advanced, for the transference of the double bond would also relieve congestion 
in the same way. 


EXPERIMENTAL. 


Galactosephenylmethyl-phenylosazone and its Tetra-acetate (With Miss M. C. MacraILp).— 
Galactosephenylmethylhydrazone (5 g.), m. p. 182°, [«]}®° + 5° in pyridine—alcohol (3:2; c, 
0-4), in alcohol (150 c.c.) was treated with phenylhydrazine (5 g.) and acetic acid (3 c.c.) at 
100° for 20 hours. The product (6 g.) was isolated by the addition of water and cooling and had 
m. p. 178°, [«]#?° + 98° in pyridine—alcohol (1:1; c, 0-4), + 71° (21 hours); + 62° (45 hours) ; 
+ 45° (100 hours, constant) (Found: C, 60-8; H, 6-6; N, 15-2. C,.H,,O,N, requires C, 
61:3; H, 6-5; N, 15-05%). 

The osazone (5 g.) was dissolved in a mixture of acetic anhydride (10 c.c.) and pyridine 
(15 c.c.), and the product poured into water after 2 days and recrystallised from alcohol; it 
had m. p. 183°, [«]}°+ 85° in chloroform (c, 0-4) (Found: C, 60-1; H, 6-0; N, 10-5; CH,-CO, 
32-8. C,,H;,0,N, requires C, 60-0; H, 6-0; N, 10-4; CH,-CO, 31-8%). 

Anhydrogalactosephenylmethyl-phenylosazone, its Diacetate and Di-p-toluenesulphonate.— 
The tetra-acetate (6-5 g.) in acetone (500 c.c.) was treated with 8% sodium hydroxide solution 
(80 c.c.) and water (300 c.c.). After 1 day the product (3 g.) was collected and recrystallised 
from acetone-light petroleum; it had m. p. 172°, [a]}®° + 100° in acetone (c, 0-4) (Found: C, 
65-0; H, 6-2; N, 15-4. C,H,,O,N, requires C, 64-4; H, 6-3; N, 15°8%). 

The diacetate was obtained on acetylation as above and recrystallised from alcohol, forming 
pale yellow needles, m. p. 170°, [«]}* + 50° in chloroform (c, 0-4) (Found: C, 62-3; H, 5-8; 
N, 13-1; CH,°CO, 19-6. C,,;H,,0,;N, requires C, 63-0; H, 6-1; N, 12-8; CH,°CO, 19-6%). 

The anhydride (0-5 g.) was treated with p-toluenesulphonyl chloride (1 g.) in pyridine 
(4 c.c.) for 2 days. On pouring into water, a yellow powder was obtained, which separated 
from aqueous alcohol as a yellow microcrystalline powder, m. p. 65—70° (decomp.), [«]}*” + 37° 
in chloroform (c, 0-5) (Found: C, 60-5; H, 5-3; N, 855; S, 89. C,,H,,0,N,S, requires 
C, 59-8; H, 5-2; N, 85; S, 97%). 

Ditosylanhydrogalactosephenylmethyl-phenylosazone (1 g.) was heated for 20 hours at 100° 
with sodium iodide (1-5 g.) in acetone (7:5 c.c.). Treatment with water yielded a brown 
solid (0-4 g.) devoid of iodine but containing nitrogen and sulphur. When this treatment was 
repeated for 7 hours on another specimen, the product was again devoid of iodine and appeared 
to be an impure monotosy]l ester (Found: N, 11-4. C,gH,,0O,N,S requires N, 11-2%). 

In attempts to condense the anhydride with acetone as described below in the glucose 
series by shaking with anhydrous copper sulphate the anhydride was recovered unchanged. 

Galactosephenylhydrazone and Phenylmethylhydrazine.—Galactosephenylhydrazone (10 g.) 
was heated for 2-5 hours with phenylmethylhydrazine (10 g.) and acetic acid (5-5 c.c.) in alcohol 
(600 c.c.). Galactosephenylmethylhydrazone (7 g.) rapidly formed. In another experiment 
the heating was continued for 8 hours to yield galactosephenylmethylhydrazone (7-5 g.) and an 
osazone (1-2 g.), m. p. 175°, [«]}* + 96° in pyridine—alcohol (1:1; c, 0-45), falling to + 65° in 
47 hours. This proved to be the same osazone as described above, since it yielded an acetate, 
m. p. 180°, [a]? + 86° in chloroform (c, 0-5), which on deacetylation yielded an anhydride, 
m. p. 171—172°, unchanged on admixture with the anhydride described above, [a]>j} + 98° 
in acetone (c, 0-3). 

Glucosephenylhydrazone and Phenylmethylhydrazine—Glucosephenylhydrazone (12 g.), 
phenylmethylhydrazine (10 g.), acetic acid (5 c.c.), water (450 c.c.), and a little sodium bisulphite 
were heated at 95—100°. After 45 minutes a crop of crystals (1) (3-5 g.), m. p. 193—195°, 
was removed, and after a further hour crop (2) (1-2 g.), m. p. 180°, was isolated. Three further 
crops (2-9 g.) similar to (2) were obtained. On extraction of (1) with hot alcohol a solution was 
obtained from which an osazone (A) crystallised on cooling (2-2 g.), m. p. 184°, [a] — 53° in 
pyridine—alcohol (1:1; c, 0-5); — 19° (19 hours); — 6° (68 hours, constant). The residue 
(B) (1-3 g.) had m. p. 202—203°, [«]}®° — 60° in pyridine-alcohol (1:1; c, 0-4), — 20° (24 
hours); — 15° (40 hours, constant). Mixed m. p. of (A) and (B), 183° [Found : (A) C, 60-7; 
H, 6-5; N, 15-4. (B) C, 60-8; H, 6-5; N, 15-3. Calc. for C,,H,,0O,N,: C, 61-3; H, 6-5; N, 
15-05%]. Fraction (2) on recrystallisation gave an osazone, m. p. 192—194°, identical with 
(A), as did also the remaining fractions. 

Glucosephenylmethylhydrazone and Phenylhydvazine.—Glucosephenylmethylhydrazone (18 
g-), m. p. 132°, [«]}?" + 5° in water (c, 1-6), was heated with water (250 c.c.), phenylhydrazine 
(13-5 g.), acetic acid (7-5 c.c.), and sodium bisulphite. Five fractions of osazone (11 g.) were 
se ted, the first after heating for 30 minutes. This had m. p. 200°, raised to 202° [unchanged 
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on admixture with (B)] on recrystallisation, [«]}” — 62° in pyridine-alcohol (1:1; c, 0-5), 
— 30° (12 hours), — 14° (43 hours, constant). All the other fractions had similar properties. 

In a second experiment half the above proportion of phenylhydrazine was used and six 
fractions were isolated. Fraction (1) had m. p. 201—202°, [«]}*° — 62° in pyridine—alcohol 
(1:1; c, 0-4), — 22° (21 hours), — 16° (45 hours, constant). The other five fractions were 
similar and all gave the same anhydride on acetylation and subsequent deacetylation. 

In a third experiment glucosephenylmethylhydrazone (20 g.) in alcohol (500 c.c.) was heated 
for 8 hours with phenylhydrazine (25 g.) and acetic acid (13 c.c.) to yield an osazone (14 g.), 
m. p. 205°, [a]#*° — 70° in pyridine-alcohol (1:1; c, 0-5), — 29° (17 hours, constant). Acetyl- 
ation and deacetylation gave the dianhydrohexosazone, m. p. 235°, previously described (loc. 
cit.), confirmed by the isolation of the monoacetate, m. p. 135°, and comparison with authentic 
specimens. 

Glucosephenyl-phenylmethylosazone Anhydride.—Osazones (A) and (B) were acetylated in 
the usual way to yield amorphous acetates. Acetate (A) had [a«]}**° — 44° in chloroform (c, 
0-4) (Found: C, 59-8; H, 5-7; N, 10-7; CH,°CO, 32-7. C,,H;,0,N, requires C, 60-0; H, 
6-0; N, 10-4; CH,-CO, 31-8%), and acetate (B), [«}}*° — 43° in chloroform (c, 0-5) (Found : 
N, 10-6%). Acetate (A) (1-5 g.) was deacetylated as described for the galactose derivative 
to yield a crystalline anhydride (0-7 g.), obtained from acetone-light petroleum in lemon-yellow 
needles, m. p. 176—178°, [«]}*° — 158° in acetone (c, 0-4) (Found: C, 64-3; H, 6-3; N, 15:9. 
C,,H,,0,N, requires C, 64-4; H, 6:3; N, 15-8%). Acetate (B) on similar treatment gave the 
same glucosephenyl-phenylmethylosazone anhydride, m. p. 176°, [a]}*° — 155° in acetone 
(c, 0-5); a mixed m. p. with the anhydride from (A) showed no depression. 

Anhydroglucosephenyl-phenylmethylosazone Diacetate—By acetylation as before a product 
was obtained in quantitative yield which, after recrystallisation from alcohol, had m. p. 158°, 
[«]}*° — 151° in chloroform (c, 0-5), and gave the original anhydride, m. p. 177°, on deacetylation 
(Found: C, 62-9; H, 6-0; N, 12-4; CH,-CO, 19-7. C,3;H,,O,;N, requires C, 63-0; H, 6-1; 
N, 12-8; CH,-CO, 19-6%). 

Acetone Anhydroglucosephenyl-phenylmethylosazone.—The anhydride (0-2 g.) was shaken 
with acetone (100 c.c.) and anhydrous copper sulphate (20 g.) for 3 days. After filtration and 
evaporation a product was obtained (0-25 g.) which on recrystallisation from acetone-light 
petroleum had m. p. 160°, [«]}*° — 33° in acetone (c, 0-5) (Found: C,,67-1; H, 6-7; N, 14-5. 
C.2H,,O,N, requires C, 67-0; H, 6-6; N, 142%). 

Ditosyl Anhydroglucosephenyl-phenylmethylosazone.—This compound, prepared as in the 
galactose series and isolated as a yellow powder, had m. p. 65—70° (decomp.), [«]}” — 80° in 
chloroform (c, 0-4) (Found: C, 60-0; H, 5-2; N, 8-6. C,,H,,0,N,S, requires C, 59-8; H, 5-2; 
N, 85%). This product was treated with sodium iodide in acetone at 100° for 14 hours; the 
resultant brownish-yellow material contained nitrogen and sulphur but was devoid of iodine. 

Fructosephenylmethylhydrazones and Phenylhydrazine.—(1) Ofner’s phenylmethylhydvazone, 
m. p. 116°. This substance, [«]}*° — 7° in pyridine—alcohol (1:1; ¢, 0-9) (6-1 g.) in water 
(84 c.c.) was heated at 95—100° with phenylhydrazine (4-5 g.), acetic acid (2-4 c.c.), and sodium 
bisulphite; crystals appeared after 1 minute (in 0-6% solution no osazone appeared after 45 
minutes until the solution was cooled). Five crops of osazone (5-6 g.) were obtained with 
m. p.’s varying between 202—203° and 197°, and on recrystallisation all yielded the same 
osazone, m. p. 203—204°, [a]}® — 61° in pyridine—alcohol (1:1; c, 0-5), — 20° (18 hours), 
— 14° (43 hours, constant). Admixture with osazone (B) from glucose-phenyl- or -pheny]l- 
methyl-hydrazone did not depress the m. p. (Found: C, 60-9; H, 6-4; N, 14-9. Calc. for 
Ci,H,,O,N,: C, 61-3; H, 6-5; N, 15-05%). 

The first four fractions were acetylated to yield identical acetates, [«]}® — 43° in chloroform 
(c, 05) (Found : C, 59-9; H, 6-0; N, 10-6; CH,°CO, 32:9. Calc. for C,,H,,0,N,: C, 60-0; H, 6-0; 
N, 10-4; CH,°CO, 31-8%), which were deacetylated as before. In every case a product was 
obtained in good yield which, on recrystallisation from acetone-—light petroleum yielded the 
anhydride described above, m. p. 176°, [a]i®* — 155° in acetone (c, 0-5), confirmed by determin- 
ations of mixed m. p. This result was twice confirmed. 

(2) Fructosephenylmethylhydrazone, m. p. 170°. Osazone formation in the usual way 
yielded pale yellow needles, m. p. 194—195°, not depressed by osazone (A) from glucosepheny]l- 
hydrazone, [a]}*" — 54° in pyridine—alcohol (1:1; c, 0-5), — 23° (18 hours), — 7° (44 hours, 
constant). The osazone was formed in less than 1 minute from a 0-6% solution of the hydrazone 
(Found: C, 60-7; H, 6-5; N, 15-3. Calc. for C,,H,,0,N,: C, 61:3; H, 65; N, 15-05%). 
Acetylation yielded quantitatively a tetra-acetate, [«]}*° — 44° in chloroform (c, 0-4) (Found : 
C, 598; H, 5-9; N, 10-7; CH,°CO, 33-0. Calc. for C,,H,,0,N,: C, 60-0; H, 6-0; N, 10-4; 
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CH,’CO, 31-8%). Deacetylation of this acetate (2-2 g.) in acetone (150 c.c.) with 0-5n-sodium 
hydroxide (112 c.c.) yielded the anhydride previously described (1-1 g.), m. p. 176—177°, [a]}°* 
— 158° in acetone (c, 0-4) (Found: C, 64:3; H, 6-3; N, 15-5. Calc. for C,,H,,0O,N,: C, 64-4; 
H, 6-3; N, 15-8%). Acetylation yielded the diacetate, m. p. 157—158°, [«]}°° — 151° in chloro- 
form (c, 0-6) (Found : CH,°CO, 19-6. Calc. for C,,8@,0,N,: CH,°CO, 19-6%). 


Thanks are expressed to the Earl of Moray Endowment and Imperial Chemical Industries 
Ltd. for grants. 


KinG’s BuILpINGS, UNIVERSITY OF EDINBURGH. [Received, August 26th, 1941.] 





134. The Cleavage of Arylazo-B-naphthylamines by Alcoholic 
Hydrochloric Acid. 


By HERBERT H. Hopcson and Cuiirrorp K. Foster. 


Substituted arylazo-8-naphthylamines in which the aryl substituents are op-direct- 
ing are decomposed by alcoholic hydrochloric acid into 8-naphthylamine and an aryl- 
diazonium compound, which in turn is decomposed by the alcohol. When the aryl 
substituents are m-directing (e.g., the nitro-group), no decomposition occurs. The re- 
action appears to be a two-point attack by hydrochloric acid at the bond connecting 
nitrogen with the l-carbon of the 8-naphthylamine residue. 


THE decomposition of azo-compounds by mineral acids has often been investigated (see 
inter alia Rowe and Dangerfield, J. Soc. Dyers and Col., 1936, 52, 48). Azobenzene with 
hydrochloric acid yields benzidine (Zinin, Annalen, 1866, 137, 376) and aniline and chloro- 
aniline (Schmitt, J. pr. Chem., 1879, 19, 314). By keeping a methyl-alcoholic solution of 
azobenzene saturated with hydrogen chloride for 12 hours and then boiling it, Jacobson 
(Annalen, 1909, 367, 304) isolated 2 : 3 : 5: 4’-tetrachloro-4-aminodiphenylamine. Aniline 
and ~-phenylenediamine, together with benzoquinone and various chlorobenzoquinones, 


were obtained by refluxing 4-aminoazobenzene with concentrated hydrochloric acid 
(Wallach and Kolliker, Ber., 1884, 17, 395). Those of the above authors who referred to 
the nature of the decomposition regarded it as primarily reduction, followed by oxidation 
and chlorination of some of the fission products by liberated chlorine. This point of view 
is not confirmed by the present investigation. Benzeneazo-«-naphthylamine, heated with 
80% acetic acid at 130° under pressure, gave §-anilino-«-naphthaquinone, as did also 
benzeneazo-«-naphthol when refluxed with glacial acetic acid for 8—10 hours (Fischer and 
Hepp, Ber., 1892, 25, 2732). 3 

Arylazo-$-naphthylamines in their behaviour with hydrochloric acid resemble diazo- 
amino-compounds in that 6-naphthylamine and the diazonium salt of the diazotised amine 
component are formed. This recalls the action of fuming nitric acid on azo-dyes (Meldola 
and Morgan, J., 1889, 55, 608 ; Schmidt, Ber., 1905, 38,3201; Charrier and Ferreri, Gazzetta, 
1914, 44, 165, 405; Rowe and Levin, J. Soc. Dyers and Col., 1924, 40, 226) in which a 
diazonium nitrate of the first component and a nitro-derivative of the coupling component 
are generally formed. 

In order to facilitate the decomposition and promote solubility of the reactants, alcohol 
was used; where reaction occurred, therefore, the regenerated diazonium salt of the original 
amine was converted into either the deaminated compound or the alkoxy-compound. 

Fifteen arylazo-8-naphthylamines were refluxed (see Table) with a mixture of alcohol 
and hydrochloric acid (d 1-16) for 2—24 hours. The six azo-compounds which reacted 
readily (in 2—7 hours) afforded @-naphthylamine in 83-0—91-4% yield and had for first 
component either the free amine (aniline, a-naphthylamine, etc.) or an amine containing 
an op-directing (electron-repelling) group. o- and #-Methoxybenzeneazo-f-naphthyl- 
amines required 9 hours for half decomposition, the influence of the (—J) inductive effect of 
the methoxyl group in retarding decomposition thus being indicated, and p-chlorobenzene- 
azo-8-naphthylamine, in which the (—/) inductive effect is more intense, required 10 hours 
for quarter decomposition. 
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Time, % Yield of B- 
Diazotised amine. Medium. hrs. naphthylamine. Other products. 
p-Anisidine HCl + EtOH 9 53-5 Anisole 
o-Anisidine 8 58-0 Anisole 
iline “ 7 83-0 Phenetole 
p-Toluidine HCl + MeOH Pad 84:8 p-Tolyl methyl ether 
o-Toluidine 2 87-0 o-Tolyl methyl ether 
7 
0 
4 
4 
2 


” 


p-Aminophenol ... HCl + EtOH 85-0 Phenol and pp’-azophenol 
p-Chloroaniline ... - 25-0 Chlorobenzene 

a-Naphthylamine HCl + MeOH 91-0 Naphthdlene, a-naphthyl methyl ether 
B-Naphthylamine oa 91-4 Naphthalene, B-naphthyl methyl ether 
p-Anisidine Cu,Cl,, HCl, EtOH 58-0 p-Chloroanisole 


2-Chloro- and 2: 5-dichloro-benzeneazo-8-naphthylamines, in which the —I effect is 
still more pronounced, and also o-, m-, and p-nitrobenzeneazo-f-naphthylamines did not 
decompose at all within 24 hours. 

The decomposition appears to be direct cleavage due to a two-point attack by the 
hydrochloric acid at the azo-nitrogen atom and the l-carbon atom in the $-naphthylamine 
residue to which it is attached (ab) : 


Becoming less positive Becoming more positive 


rw 3 NE 


$e ae 6% 
CKNH,\, CNH / \S 


Since excess of hydrochloric acid is always present, the azo-structure might reasonably 
be assumed to be the predominant form owing to the tendency for salt formation at the 
amino-group. If the imino-hydrazone structure obtained, the hydrochloric acid would be 
expected to hydrolyse the imino-group, whereas no $-naphthol or derivative of it has been 
detected such as occurs in the case of the action of sodium nitrite on glacial acetic acid 
solutions of some of these amines. 

An op-directing substituent will tend to reduce the positive character of (6) and 
so render it more prone to attack by positive hydrogen, whereas an electron-attracting 
substituent will tend to increase the positivity of (b) and so enable it to resist attack. 
Amphoteric groups such as methoxyl and #-chlorine have a retarding as well as a promoting 
effect, and the latter in three examples gradually prevails. 

p-Methoxybenzeneazo-8-naphthylamine was decomposed by alcoholic hydrochloric 
acid in the presence of cuprous chloride ; the products were 8-naphthylamine and -chloro- 
anisole. In this reaction, as also in the others recorded, 1-chloro-2-naphthylamine could 
not be detected, thereby indicating the two-point attack to be at the points stated. This 
result is also in accordance with the data of Rowe and Dangerfield (/oc. cit.), who assert 
that all the evidence for the fission of azo-compounds by hot aqueous sulphuric acid is in 
favour of hydrolysis rather than the reduction of the azo-group (see above for the latter 
point of view). Finally, the fact that diazonium salts are produced in the cleavage was 
established by stopping the reaction with #-methoxybenzeneazo-f-naphthylamine after 
one hour ; then after dilution with water and filtration into alkaline 8-naphthol, -methoxy- 
benzeneazo-$-naphthol was formed. 


EXPERIMENTAL. 


General Procedure.—The fifteen arylazo-f-naphthylamines were treated as follows: The 
azo-compound (2 g.) was dissolved in boiling alcohol (75 c.c.), hydrochloric acid (10 c.c., d 1-16) 
added, and the mixture refluxed until the precipitate which had formed had passed into solution. 
A further addition (2 g.) of the azo-compound was then made, together with more hydrochloric 
acid (10 c.c., d 1-16), and the process repeated until 8 g. in all of the azo-compound had been 
decomposed. The colcur of the solution changed from deep red to purple. Spotting tests 
were made at intervals with an alkaline solution of 8-naphthol, a positive test being obtained 
after 15 minutes’ heating, and a negative test after a period depending on the particular azo- 
compound used, the decomposition then being complete. The solution was cooled, filtered, 
and made alkaline with 20% aqueous sodium hydroxide; §-naphthylamine and other products 
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of the cleavage were precipitated and removed, and the filtrate steam-distilled to remove alcohol 
and any steam-volatile products; the residue in the flask was discarded. The precipitate above 
was transferred to a flask, alcohol being used if necessary, and distilled with steam for the 
removal and subsequent identification of steam-volatile cleavage products, e.g., in the case of 
p-methoxybenzeneazo-f$-naphthylamine anisole is a steam-volatile product and comes over 
rapidly. The §-naphthylamine formed in the reaction passed over last with the steam and was 
collected, dried, and weighed. The first portion of the distillate containing the alcohol was 
diluted with water and extracted with chloroform, and the extract shaken with 10% sulphuric 
acid, whereby any $-naphthylamine which passed over with the alcohol was precipitated 
as sulphate and removed. The chloroform portion was washed with water and dried with 
anhydrous calcium chloride, the chloroform removed by distillation, and the residue identified. 

In the special case of p-methoxybenzeneazo-f-naphthylamine, the azo-compound (4 g.) 
was refluxed with alcohol (35 c.c.) and hydrochloric acid (20 c.c., d 1-16) for just over 1 hour, 
the solution cooled, filtered, diluted with twice its volume of water, and finally filtered into a 
well-stirred solution of B-naphthol (2 g.) in 10% aqueous sodium hydroxide (150 c.c.). The 
precipitate of p-methoxybenzeneazo-f-naphthol was allowed to settle, removed, and crystallised 
from ethyl alcohol, red needles, m. p. 137°, being obtained (Charrier and Ferreri, Gazzetta, 1912, 
42, 132, 134, give m. p. 137°). 

Decomposition of p-Methoxybenzeneazo-B-naphthylamine by Alcoholic Hydrochloric Acid in 
the Presence of Cuprous Chloride.—The azo-compound (4 g.) was refluxed with alcohol (70 c.c.) 
to which cuprous chloride (3 g.), dissolved in hydrochloric acid (10 c.c., d 1-16), had been added. 
After 2 hours the mixture was made alkaline with 20% aqueous sodium hydroxide and steam- 
distilled; the earlier distillate contained the alcohol and p-chloroanisole, the later portion 
contained the B-naphthylamine. 1-Chloro-2-naphthylamine (which is slowly volatile in steam) 
was not obtained. 


The authors thank Imperial Chemical Industries (Dyestuffs) Ltd. for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, July 2nd, 1941.] 





135. The Constitution of Lupeol. 
By E. R. H. Jones and R. J. MEAKINs. 


The non-reactivity of the carbonyl and the carboxyl group in norlupanonol and 
bisnorlupanolic acid respectively indicates that the isopropenyl group in lupeol is 
attached to a quaternary carbon atom of the polycyclic system, and a modification 
of the formula proposed by Ruzicka and Rosenkranz (Helv. Chim. Acta, 1940, 28, 
1311) is suggested. The preparation of a number of lupane derivatives required for 
surface-film measurements is described. 


In a previous publication (Jones and Meakins, J., 1940, 1335) it was suggested that the 
behaviour on oxidation of lupenyl esters and their selenium dioxide oxidation products 
could be interpreted more easily by assuming that the ethenoid linkage of lupeol is present 
in a side chain of at least three carbon atoms. At almost the same time Ruzicka and 
\7 Rosenkranz (loc. cit.) published evidence which indicated 
that the unsaturated centre of lupeol is located in an iso- 

-e propenyl group and that this triterpene alcohol could well 
& 


nonol, C,,H,,03, obtained by lead tetra-acetate oxidation of 

\4 ; lupanetriol (Jones and Meakins J., 1940, 456), or in poor 

yield by oxidation of lupenyl esters with ozone or chromic 

(I) ‘S. acid (Heilbron, Kennedy, and Spring, J., 1938, 329), is 
represented by the partial formula (II), lupenalol (formerly ketolupeol), C,,H,,0,, 
an a®-unsaturated aldehyde produced on selenium dioxide oxidation of lupenyl esters 
(Ruzicka and Rosenkranz, Helv. Chim. Acta, 1939, 22, 778; 1940, 23, 1311; Jones 
and Meakins, J., 1940, 1335), is formulated as (III), and bisnorlupanolic acid, 
C,,H,,O3, obtained by ozonolysis either of esters of lupeol or of lupenalol (Jones and. 


i S' be represented by the formula (I). On this basis norlupa- 
KX 
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Meakins, J., 1940, 1335), must be represented by (IV). The lupeol constitution (I), 
proposed by Ruzicka and Rosenkranz, is acceptable on the basis of the “ isoprene ”’ rule 


HO: cu,—C(oH)—cH, - H,c=t—cH, eh H,c=t—cHO (111.) 


(I.) 
Pb(OAc), <0 2, O, or Cr, 


(II.) CO—CH, bow (IV.) 


and also provides an explanation of the absence of 1 : 8-dimethylpicene and 1 : 2 : 7-tri- 
methylnaphthalene, and the isolation of only 1 : 2 : 5-trimethylnaphthalene and 6-hydroxy- 
1 : 2: 5-trimethylnaphthalene on selenium dehydrogenation (Ruzicka, Furter, Pieth, and 
Schellenberg, Helv. Chim. Acta, 1937, 20, 1564; Heilbron, Kennedy, and Spring, Joc. cit.). 

It was mentioned (J., 1940, 1335) that certain of the experimental results obtained 
in the lupeol field are opposed to the assumption that this triterpene alcohol contains a side 
chain of at least three carbon atoms and in view of the publication of such a suggestion 
by Ruzicka and Rosenkranz (loc. cit.) it becomes necessary to consider these objections 
in the light of this recent work. Heilbron, Kennedy, and Spring (loc. cit.) and Biedebach 
(Arch. Pharm., 1939, 277, 163) were unable to prepare ketonic derivatives of norlupanonyl 
acetate (II) and Jones and Meakins (J., 1940, 456) recovered unchanged norlupanonol on 
attempted oximation, a behaviour which could not readily be interpreted on formula (I) 
for lupeol, since it is well known that progesterone easily forms a dioxime (Butenandt 
and Schmidt, Ber., 1934, 67, 1901). Ruzicka and Rosenkranz (Helv. Chim. Acta, 1940, 
23,:1311), however, succeeded in isolating an oxime of norlupanonol under the usual 
conditions. In spite of a number of attempts under these and other conditions we have 
been unable to confirm this result, intractable resins or unchanged material invariably 
being obtained. Neither was success achieved on attempted oximation in pyridine solution 
and norlupanone (g.v.) was also recovered unchanged under the oximation conditions 
described by Ruzicka and Rosenkranz. It should also be noted that closely analogous 
products-in the betulin series, diacetoxynorlupanone (Ruzicka and Brenner, Helv. Chim. 
Acta, 1940, 28, 1325) and the methyl ester of norlupanonolic acid (Ruzicka and Lamberton, 
ibid., p. 1338) also failed to yield crystalline ketonic derivatives. Heilbron, Kennedy, 
and Spring (loc. cit.) observed that norlupanony]l acetate is extremely resistant to oxidation, 
being unaffected by prolonged treatment with chromic anhydride in boiling acetic acid. 
We have confirmed this observation and it has also been found that this keto-acetate is 
not'oxidised either with alkaline hypobromite at 20° for 72 hours or with selenium dioxide 
in boiling benzene for 7 hours. Further, the reduction of norlupanony] acetate with sodium 
and alcohol gives norlupanediol in poor yield, and reduction of norlupanone to norlupanol 
(q.v.) by the latter method or with aluminium isopropoxide in isopropyl alcohol is also 
difficult. The methyl ester-acetate of bisnorlupanolic acid is practically unaffected by 
heating under reflux with 10% methyl-alcoholic potassium hydroxide for 16 hours (Ruzicka 
and Rosenkranz, Helv. Chim. Acta, 1940, 23, 1311; see also Jones and Meakins, J., 1940, 
1335). In an attempt to carry out a Wieland degradation on bisnorlupanolic acid methyl 
ester (m. p. 189°; [«]5" —,18-7° in chloroform) this substance was recovered quantitatively 
after treatment with phenylmagnesium bromide, a result which was somewhat unexpected 
in view of the success obtained by Wieland, Schlichting, and Jacobi (Z. physiol. Chem., 
1926, 161, 80) in the degradation of ztiocholanic acid. 

This general lack of reactivity of the methyl ketone group of norlupanonol (II) and of the 
carboxyl group of bisnorlupanolic acid (IV) would hardly be expected if these were located 
on a tertiary carbon atom as in the formulation (I). A possible explanation of the inert 
nature of these substances is afforded if the tsopropenyl group of lupeol is considered to be 
attached to the quaternary carbon atom between two rings as in formula (V) or to a carbon 
atom which also carries a methyl group as.in formula (VI). These two formulations are 
both in accordance with the “isoprene rule” and as a result of surface-film experiments on 
lupane derivatives containing water-attracting groups introduced into or in place of the 
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isopropenyl group of «-lupene (see following paper), formula (VI) may be preferred. The 
small limiting area values obtained with these compounds make it improbable that the 


HO HO 
oe bi / (VI.) 
3 0 ’ : 
ff 


\ 
isopropenyl group could be located elsewhere than at an extremity of the polycyclic 
system, suggesting that lupeol is better represented by structure (VI). The fact that the 
hydrolysis of bisnorlupanolic esters is more facile than that of esters in the oleanolic acid 
series can also be regarded as evidence for constitution (VI) rather than (V). This argu- 
ment is based on the accepted formula for oleanolic acid; a modification of this, however, 
has recently been suggested by Bilham and Kon (this vol., p. 552). 

A number of lupane derivatives were prepared for the surface-film experiments de- 
scribed in the following paper. A considerably improved yield (95%) in the conversion 
of lupenone into a-lupene has been obtained by carrying out a modified Kishner—Wolff 
reduction involving the treatment of lupenone with hydrazine hydrate and sodium ethoxide 
in an autoclave at 190° (cf. Kon and Soper, J., 1940, 1335). Lupanediol, m. p. 242—245°, 
was obtained by the action of osmium tetroxide on «-lupene, and the diol was oxidised to 
norlupanone, m. p. 172—173°, with lead tetra-acetate. Reduction of this ketone with 
sodium and alcohol or by the Ponndorf method yielded norlupanol, m. p. 160—161° (acetate, 
m. p. 166—167°). Lupenal was obtained by prolonged oxidation of «-lupene with selenium 
dioxide in benzene before we learned of the more rapid method in acetic acid (Ruzicka 
and Rosenkranz, loc. cit.). This aldehyde on reduction by the Ponndorf method gave 
¢-lupenol, m. p. 166—167° (acetate, m. p. 107-5°). We have found that bisnorlupanic acid, 
prepared by Ruzicka and Rosenkranz (Joc. cit.) by the oxidation of lupenal with chromic 
anhydride, is obtained more readily from the aldehyde by ozonolysis. Reduction of 
lupenalyl acetate by the Ponndorf method yielded lupenediol, m. p. 231—232° (diacetate, 
m. p. 163—164°) and some lupenediol monoacetate, m. p. 240—241°. Treatment of lupenyl 
acetate with osmium tetroxide gave /upanetriol monoacetate, m. p. 259—262°. 


EXPERIMENTAL. 


All m. p.’s are uncorrected. Analytical specimens were dried at an appropriate temperature 
in a high vacuum for 3 hours. Rotations, except where otherwise stated, were done in chloro- 
form solution in a 1 dcm. tube. 

a-Lupene.—A mixture of lupenone (12 g.), sodium (15 g.) in alcohol (300 c.c.), and hydrazine 
hydrate (80 c.c.; 50%) was stirred and heated in an autoclave at 190° for 6 hours. The crystal- 
line deposit obtained on cooling, together with a further quantity of material from the alcoholic 
solution, on crystallisation from alcohol (850 c.c.) yielded «-lupene (11-5 g.; 96% yield) in tufts 
of needles, m. p. 162—163°, undepressed on admixture with an authentic specimen. 

Lupanediol (a-Lupene Glycol).—Solutions of «-lupene (1-7 g.) in dry ether (600 c.c.) and osmium 
tetroxide (1 g.) in dry ether (100 c.c.) were mixed and set aside at 20° for 16 days. The black 
residue obtained on removal of the ether was heated under reflux with a solution of sodium 
sulphite (20 g.) in water (200 c.c.) and alcohol (100 c.c.), the liquid filtered, and the residue 
repeatedly extracted with boiling alcohol. The combined filtrates were evaporated under 
diminished pressure and an ethereal solution of the residual solid was washed, dried, and 
evaporated, leaving a residue which was further purified by percolation of an alcoholic solution 
through a column of activated alumina. Three crystallisations from benzene yielded 
lupanediol (1-1 g.) in tufts of fine needles, m. p. 242—245°, [a]? + 5-1° (c = 1-86 in pyridine) 
(Found : C, 81-2; H,11-5. C,,H,,0, requires C, 81-0; H, 11-8%). The diol gave no coloration 
with tetranitromethane in chloroform solution. 

Norlupanone.—A solution of lupanediol (1-0 g.) and lead tetra-acetate (1-25 g.) in purified 
acetic acid (160 c.c.) was set aside at 20° for 18 hours. The solid precipitated from the reaction 
mixture with water was isolated by means of ether and two crystallisations from alcohol gave 
norlupanone (710 mg.) in flakes, m. p. 172—173°, [a]? — 18-4° (c = 1-72) (Found: C, 84-85; 
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H, 11-8. C,gH,,O requires C, 84:4; H, 11-7%). Light absorption in alcohol: Maximum 
2800 a., log ¢ = 1-56. The ketone was recovered unchanged on heating under reflux for 4 hours 
with hydroxylamine acetate in methyl alcohol. 

Norlupanol.—(a) Norlupanone (190 mg.) was heated under reflux for 24 hours with 
aluminium isopropoxide (300 mg.) in dry isopropyl alcohol (15 c.c.), the solvent removed, and 
the residue treated with dilute hydrochloric acid and ether. The gummy ethereal extract 
was dissolved in benzene and adsorbed on alumina (15 g.); elution with ether then gave a residue 
which solidified on trituration with methylalcohol. After three recrystallisations from the latter 
solvent norlupanol (30 mg.) was obtained in needles, m. p. 160—161°. Owing probably to 
extensive solvation good analytical data could not be obtained for the free alcohol (F ound : C, 
84:8; H, 12-2. C,,H,;,O requires, C 84-0; H, 12-15%). 

(b) Toa solution of norlupanone (420 mg.) in boiling alcohol (25 c.c.), sodium (1-6 g.) was 
added as rapidly as possible. After addition of a further quantity of alcohol (20 c.c.) and sedium 
(0-8 g.) the mixture was heated under reflux for 2 hours; it was then decomposed with water, 
and the product isolated with ether. The resinous product was adsorbed on a column of alumina 
(30 g.) from light petroleum solution (b. p. 40—60°); elution with light petroleum—benzene 
(1: 1) yielded a small quantity of starting material, but with ether—benzene (1 : 9) norlupanol 
was obtained, which after two crystallisations from methyl alcohol had m. p. 160—161° (60 mg.), 
giving no depression on admixture with the product prepared by method (a). 

Norlupanyl Acetate.—Prepared in the usual manner in pyridine solution with acetic anhydride, 
the acetate was crystallised first from alcohol and then from acetone, forming needles, m. p. 
166—167°, [«]?0” — 22-4° (c = 0-41) (Found: C, 81-5, 81-5; H, 11-5, 11-5. C3,H,,O, requires 
C, 81-6; H, 11-5%). 

Lupenal.—a-Lupene (8-5 g.) was heated under reflux for 66 hours in benzene (200 c.c.) 
with selenium dioxide (2-5g.; freshlysublimed). The cooled mixture was submitted to filtration, 
the filtrate evaporated to dryness, and the residue adsorbed from light petroleum (b. p. 40—60°)-— 
benzene (2: 1) ona column of alumina (500 g.) ; elution with the same solvent mixture then gave 
a crystalline product, which on crystallisation first from chloroform—methyl alcohol and then 
from alcohol yielded lupenal (4 g.) in glistening flakes, m. p. 200°, [a]? + 3-4° (c = 2-32) 
(Ruzicka and Rosenkranz, Helv. Chim. Acta, 1940, 23, 1311, give for lupenal prepared in acetic 
acid solution, m. p. 203° corr., [«]??” + 4-3°). 

y-Lupenol.—A solution of lupenal (1 g.) and aluminium isopropoxide (1 g.) in dry isopropyl 
alcohol (100 c.c.) was heated under reflux for 22 hours. Isolated as described above for nor- 
lupanol, y-lupenol after three crystallisations from methyl alcohol was obtained in plates 
(0-55 g.), m. p. 167—168°, [a]? — 6-50 (c = 1-84). With tetranitromethane in chloroform 
solution it gave a bright yellow colour (Found: C, 84:5; H, 11-7. Cs ,Hs,O requires C, 84-4; 
H, 11-8%). The acetate, prepared with acetic anhydride and pyridine, was crystallised twice 
from methyl alcohol and then twice from alcohol, being obtained in needles, m. p. 107-5°, 
[a] — 2-9° (c = 1-84) (Found: C, 82-6; H, 11-2. C,,H,,O, requires C, 82-0; H, 11-2%). 
Hydrolysis of the acetate with methyl-alcoholic potassium hydroxide gave y-lupenol, m. p. 
166—167°, undepressed on admixture with the original specimen. 

Ozonolysis of Lupenal.—A suspension of lupenal (1-8 g.) in purified acetic acid (150 c.c.) 
was treated with ozonised oxygen for 5 hours; all the material had then passed into solution. 
The reaction mixture was distilled with steam, and the solid residue taken up in ether. The 
acidic product, separated by washing the ethereal solution with aqueous potassium hydroxide 
(10%), crystallised on trituration with methyl alcohol. Recrystallisation from chloroform- 
methyl alcohol and thrice from alcohol gave bisnorlupanic acid (350 mg.) in long fine needles, 
m. p. 237—238°, [«]?” —9-2° (c = 1-85) [Ruzicka and Rosenkranz, Helv. Chim. Acta, 1940, 23, 
1311, for a specimen prepared by chromic acid oxidation, give m. p._238—240° (vac.) corr. ; 
[a]; — 8-8°). 

Lupenediol. —A mixture of lupenalyl acetate (1 g.) and aluminium isopropoxide (1 g.) in dry 
isopropyl alcohol (75 c.c.) was heated under reflux for 20 hours. The product was isolated in the 
usual manner and five recrystallisations from benzene gave lupenediol (300 mg.) in tufts of needles, 
m. p. 231—232°, [a]>” — 3-5° (¢ = 1-56 in pyridine) (Found: C, 81-6; H, 11-5. C39H,,0; 
requires C, 81-4; H, 11-4%). Evaporation of the first benzene mother-liquors and repeated 
crystallisation of the residual solid from alcohol gave some lupenediol monoacetate (40 mg.) in 
short needles, m. p. 240—241°, [a]? + 7-2° (c = 2-17) (Found: C, 78-8, 78-8; H, 11-2, 11-0. 
C,,H,,0, requires C, 79-3; H, 10-8%). Hydrolysis of this acetyl derivative with alcoholic 
potassium hydroxide under reflux gave lupenediol, m. p. 228—231°, undepressed on admixture 
with the specimen described above. 


Lupenediol Diacetate.—Prepared with acetic anhydride and pyridine in the cold, the diacetate 
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crystallised from methyl alcohol in glistening prisms, m. p. 163—164°, [a]? + 9-7° (c = 1-89) 
(Found: C, 77-5; H, 10-6. C,,H,;,0, requires C, 77-5; H, 10-3%). The diacetate gave a 
marked yellow colour with tetranitromethane in chloroform solution. No crystalline products, 
acidic or neutral, could be isolated from the product obtained on ozonolysis of this diacetate in 
acetic acid solution. 

Lupanetriol Monoacetate.—To a solution of lupenyl acetate (1-05 g.) in dry ether, a solution 
of osmium tetroxide in dry ether (70 c.c.; 1%) was added, and the mixture set aside at 20° 
for 18 days. The residue obtained on removal of the solvent was heated under reflux for 2 hours 
with a solution of sodium sulphite (16 g.) in water (120 c.c.) and alcohol (100 c.c.), the solution 
filtered, and the black precipitate repeatedly extracted with boiling alcohol. The combined 
filtrates were evaporated, and the residual solid taken up in ethyl acetate, the solution being 
dried and evaporated. Crystallisation of the residue from acetone gave lupanetriol monoacetate 
(500 mg.) in rosettes of needles, m. p. 259—262°, [x]? + 12-4° (c = 1-76) (Found: C, 76-3; 
H, 10-95. C,,H,,O, requires C, 76-4; H, 10-8%). Hydrolysis of the acetyl derivative with 
alcoholic potassium hydroxide under reflux for 4 hours gave lupanetriol, m. p. 278—284° 
(decomp.), undepressed on admixture with an authentic specimen. 


Our thanks are due to Professor I. M. Heilbron, D.S.O., F.R.S., for his continued interest 
and encouragement, and to the Rockefeller Foundation for financing this investigation. 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Lonpon, S.W. 7. 
: (Received, July 24th, 1941.] 





136. Surface Films of Iwpane Derivatives. 
By P. Biruam, E. R. H. Jones, and R. J. MEAKINs. 


Surface-film measurements on a number of lupane derivatives are described. 

The small limiting area values observed, particularly with bisnorlupanic acid and 

¥-lupenol, and the large area values with lupenediol and lupanetriol monoacetate, in 

. conjunction with chemical data, furnish evidence that in lupeol the isopropenyl group 
is situated at the opposite extremity of the ring system from the hydroxyl group. 


Many sterols (Adam, Askew, and Danielli, Biochem. J., 1935, 29, 1786), and triterpenes 
(Askew, J., 1936, 1585) containing water-attracting groups form stable unimolecular films 
when spread on water, or in somie cases, dilute acid or alkali. The degree of compressibility 
of the films and comparison of the limiting area per molecule.(found by extrapolation of 
the pressure-area curve to zero) with the cross-sectional area measured on scale models 
yield information regarding the position of the water-attracting group relative to the 
polycyclic system. Sterols and triterpenes with hydroxyl groups at the extremities of 
the ring system form almost incompressible films with limiting areas of 38—42 a.* and 
45—50 a.?, respectively. 

Although much information is available concerning the chemistry of the hydroxyl and 
the isopropenyl group of the triterpene alcohol lupeol, there is almost a complete lack of 
evidence as to their relative positions in*the molecule. It has been suggested, partly on 
chemical evidence and partly by analogy with other triterpenes, that this alcohol can be 
represented by the accompanying structure (R,; = OH; R, = CMe:CH,) (Jones and 
Meakins, this vol., p. 757; Ruzicka and Rosenkranz, Helv. Chim. Acta, 1940, 23, 1311). 
The isolation of 6-hydroxy-l : 2 : 5-trimethylnaphthalene from the products of selenium 

dehydrogenation of lupeol (Ruzicka, Furter, Pieth, and Schel- 
lenberg, ibid., 1937, 20, 1564; Heilbron, Kennedy, and Spring, 
J., 1938, 329) and of other triterpenes (for summary, see 
Haworth, Ann. Reports, 1937, 34, 329) suggests the location of 
the hydroxyl group in ring A, a conclusion which receives sup- 
port from the limiting area of 50 a.? for lupeol films measured 
by Askew (loc. cit.). The available chemical evidence makes it 
highly improbable that the isopropenyl group also could be 
situated in this ring. Surface-film measurements of lupane 
derivatives containing water-attracting groups in, or replacing, 
the isopropenyl group seemed to offer an opportunity of establishing the position of 
3E 
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this unsaturated centre. The results obtained with such lupane derivatives are indicated 
in the following table and accompanying figures. 


Limiting value of area and 
p at that area. 





Curve. ~ Substance. R,. R,. "Area (A.2). ys (e.s.u. X 10-21), 
1 Lupanol OH CHMe, 50 324 
Fig. 1 y-Lupenol H C(CH,°OH):CH, 50 212 
3 Bisnorlupanic acid H CO,H 48 239 
4 Lupanediol H CMe(OH)-CH,°OH 57-5 217 
Fig. 2 Acetylbisnorlupanolic acid OAc CO,H 46 543 
6 Bisnorlupanolic acid OH CO,H 55 452 
7 Lupanetriol monoacetate OAc CMe(OH)-°CH,°OH —_ jon 
Fig. 31 8 Lupenediol OH  C(CH,-OH):CH, = = 
9 Norlupanol H CH(OH)Me 74 227 
10 Norlupanediol OH CH(OH)Me 88 672 


The small limiting areas and the incompressible nature of the films of bisnorlupanic 
acid and ¥-lupenol (in close agreement with those of lupanol, lupeol, and the amyrins), in 
conjunction with chemical evidence, lead to the conclusion that the R, groups in these 
compounds, and consequently the isopropenyl group in lupeol, are situated in ring E at 
the extremity of the cyclic system. This conclusion is supported by the value for acetyl- 
bisnorlupanolic acid, where the carboxyl group is probably attracted to the aqueous 
surface in preference to the acetoxy-group. A somewhat larger molecular area was 
observed with a film of the free acid, and here it is probable that the molecule is sited on 
the hydroxyl group. [Askew (loc. cit.) concluded that the oleanolic acid molecule was 
also sited on the hydroxyl group.] Location of these R, groups in other positions in 
ring E, particularly on the carbon atoms joining rings D and E, would undoubtedly give 
rise to films with greater limiting areas than those observed. 

The larger area and the greater compressibility of the lupanediol film (9-5 a.? greater 
than for bisnorlupanic acid) may be due to a tilting of the molecule caused by simultaneous 
water-attraction of the adjacent hydroxyl groups, and the same effect is found with 
lupanetriol monoacetate, the second area value being correspondingly greater (9 A.”) than 
that of acetylbisnorlupanolic acid. 

Lupanetriol monoacetate and lupenediol gave results which indicate definitely that 
the isopropenyl group is situated at the opposite end of the ring system to the hydroxyl 
group, the limiting areas agreeing well with that (120 a.*) from measurement of a molecular 
model oriented in such a way that both the R, and the R, group are in the water 
surface. The curves are dealt with here in some detail since they. illustrate clearly the 
phenomenon of the raising of one of two water-attracting groups from the surface. The 
curve for lupanetriol monoacetate shows at 128 a.” the first indication of a close-packed 
film which offers resistance to further compression until a pressure of 6 dynes/cm. is 
imposed. The extrapolated limiting area of this portion gives a value of 124 a.?, which 
shows that the cyclic system is pinned down on to the water surface. The value of yp is 
slightly enhanced over this region. A further increase in pressure of only 3 dynes/cm. 
produced a reduction of the area over the very large range from 110 to 60 a.?, but during 
this phase the u value fell markedly, corresponding to a profound change in the orientation 
of the molecules. Finally, the formation of a second incompressible film capable of with- 
standing high pressures (up to 33 dynes/cm.) was observed. The limiting area observed 
on extrapolation of the second compressibility curve is 55 a.? (cf. lupanediol), as would be 
expected if the group of lesser hydrophilic character, #.e., the acetoxy-group, were removed 


from the surface. The film was perfectly reproducible, ‘and the surface potentials did not 


vary more than 10 mv. over the whole surface. Only very slight indications of spon- 
taneous contraction were observed in the first compression region. 

The same three phases, although not so clearly defined, are discernible in the curve of 
lupenediol. The initial close-packed film is formed at 138 a.?, and the point of inflexion 
occurs at 124 a.” at a pressure of 3-6 dynes/em. The area can then be reduced to 60 a.” 
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before any greater pressure than 6 dynes/cm. need be applied, but at this point a highly 
incompressible film is formed which is not stable at pressures above 14 dynes/cm. It is 
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evident that at this stage the molecules are oriented so that only one of the two hydroxyl 
groups is in the water surface, but it is impossible to decide which has the stronger water- 
attracting properties. The limiting area here is ill-defined but is approximately 63 a.?, 
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which is markedly higher than the areas of 50 A.” for y-lupenol and lupanol. An explan- 
ation of this is probably to be found in a slight residual attraction of the free hydroxy] 
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groups towards the water surface, thus causing tilting of the molecules. The value of » 
follows a complex course, and it is probable that both the distortion of the isopropenyl 


group and the general rearrangement of the molecules in the film are responsible for the 
variations. 
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In contrast to the remaining lupane derivatives, which all gave “ solid” films, nor- 
lupanol and norlupanediol both yielded easily compressible films of the “liquid” type 
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and exhibited larger areas than would be expected for molecules sited on the R, group. 
The only explanation which can be offered for this anomaly is that a steric effect of the 
adjacent methyl groups tends to prevent the hydroxyl group reaching the water surface, 
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and consequently causes tilting of the molecule which, in the case of norlupanediol, may 
be accentuated by the attraction of the second hydroxyl group towards the water surface. 
Of the lupane derivatives which yield “ solid ”’ films, only bisnorlupanic and bisnorlupanolic 
acids do not exhibit the phenomenon of “‘ spontaneous contraction ” (Askew, loc. cit.). 


We are indebted to Professor I. M. Heilbron, D.S.O., F.R.S., for his interest and encourage- 
ment, and to the Rockefeller Foundation for financial assistance. 
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137. Nitrous Acid as a Nitrating and Oxidising Agent. Part V. 
Reactions with the Four 3-Halogenodimethylanilines. 


By HERBERT H. Hopcson and DonaLtp E. NICHOLSON. 


The four 3-halogenodimethylanilines all react similarly with nitrous acid in excess 
to form mixtures of the 3-halogeno-2-nitro-, -4-nitro-, and -4-nitroso-dimethylanilines. 


WHEN an aqueous solution of sodium nitrite reacts with 3-chloro-, 3-bromo-, and 3-iodo- 
dimethylaniline in dilute hydrochloric acid according to the directions of Hodgson and 
Wignall (J., 1927, 1144), the hydrochlorides of the 3-halogeno-4-nitrosodimethylanilines 
are precipitated, and this result is also partly obtained with 3-fluorodimethylaniline. 
When, however, the sodium nitrite is added in excess and in one batch as a finely divided 
solid, considerable nitration takes place with all four analogues in: the 2- and the 4-position, 
but in each case nitrosation in the 4-position also occurs. 6-Nitration appears to be 
excluded. 

The 3-fluoro- and 3-chloro-2-nitro- and -4-nitro-dimethylanilines have been compared 
with synthetically prepared 3-fluoro- and 3-chloro-4-nitro- and -6-nitro-dimethylanilines 
(cf. Hodgson and Kershaw, J., 1930, 497), and the constitutions of the 2-nitro-compounds 
derived by exclusion. Similarly the steam-volatile 3-bromo- and 3-iodo-2-nitrodimethyl- 
anilines are different from the corresponding 6-nitro-isomerides. Owing to their similarity 
in m. p. (38° and 50°) to 3-fluoro-2-nitrodimethylaniline (liquid) and 3-chloro-2-nitro- 
dimethylaniline (m. p. 36°), and also their ready solubility in cold light petroleum, these 
two compounds may reasonably be assigned a 2-nitro-structure. On the other hand, the 
m. p.’s of the non-steam-volatile 3-bromo- and 3-iodo-4-nitrodimethylanilines (128° and 
140°) correspond to those of the authentic non-steam-volatile 3-fluoro- and 3-chloro- 
analogues (120° and 126° respectively), as does also their insolubility in cold light petroleum. 
Hence the 4-nitro-structure appears to be justified by analogy. 

The general occurrence of 2-nitration instead of the expected 6-nitration would appear 
NMe to indicate that the structures of the 3-halogenodimethylanilines 
—* when reaction takes place have their conjugate systems as in (I), 

( S$ a result brought about by the powerful (— J) inductive effect of 

| pork, Cl, Br, I the halogen. The 2-position may be further activated by the 

\F (.) direct field (D or F) effect of the halogen, and also by its meso- 
: meric effect (Bennett, Brooks, and Glasstone, J., 1935, 1821). 

The general mechanism of nitration in the 2-position has already been discussed by 
Hodgson and Kershaw (J., 1930, 277) for the nitration of dimethyl-p-toluidine, and 
nitrosation and nitration in the 4-position by Hodgson and Nicholson (this vol., p. 470) 
for some N-dialkylanilines. 

3-Fluoro-6-nitroaniline resisted acetylation by acetic anhydride or acetyl chloride 
separately, but was acetylated by their combination, indicating a chelation of considerable 
strength between the nitro- and the amino-group. The m. p.’s of 3-fluoro-4-nitro- and 
-6-nitro-acetanilides are lower than those of the free amines. 

Contrary to the experience of Hodgson and Wignall (loc. cit.), 3-iodo-4-nitrosodi- 
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methylaniline is now found to give 3-iodobenzoquinone-4-oxime when it is heated for a 
short time with aqueous sodium hydroxide, the solution being filtered before all the 
dimethylamino-compound has been decomposed. It thus comes into line with the 3-chloro- 
and the 3-bromo-derivative. 

Of the four 3-halogeno-4-nitrodimethylanilines, only the 3- ftuoro-derivative i is attacked 
easily by boiling aqueous alkaline hydroxide with replacement of its fluorine by the 
hydroxyl group, the other three analogues remaining unchanged under the same conditions. 
Similarly, 3-fluoro-4-nitrosodimethylaniline is converted into 4-nitrosoresorcinol instead 
of the expected 3-fluoro-4-nitrosophenol. 

Although only under special conditions which exclude water does dimethylaniline 
itself form a hydrochloride, which is very hygroscopic, the four 3-halogenodimethylanilines 
form hydrochlorides which separate from dilute hydrochloric acid and are stable towards 
atmospheric moisture. This enhanced capacity for salt formation would. appear to be 
connected with the. mesomeric effects of the halogens (cf. Bennett, Brooks, and Glasstone, 
loc. cit.). The picrates of the halogeno-compounds have much higher m. p.’s than that of 
dimethylaniline picrate. 


EXPERIMENTAL. 


Preparation of 3-Fluorodimethylaniline—A mixture of 3-fluoroaniline (5-5 g.), methyl 
alcohol (12 c.c.), and methyl sulphate (15 c.c.) was heated in a sealed tube at 160—170° for 6 
hours. The reaction mixture when cold was poured into water and rendered just alkaline to 
litmus, and the separated oil heated with acetic anhydride and then steam-distilled. 3-Fluoro- 
dimethylaniline passed over and was purified by distillation, b. p. 198—199°/752 mm. (Found : 
N, 10-2. C,H, NF requires N, 10-1%). The filtered flask liquor, on cooling, deposited 3-fluoro- 
N-methylacetanilide in colourless square plates, m. p. 113° (Found : N, 8-6. C,H,,ONF requires 
N, 8-4%). 

3-Chloro-, 3-bromo-, and 3-iodo-dimethylaniline were made according to the directions of 
Hodgson and Wignall (/oc. cit.), purified by steam-distillation after prior treatment with acetic 
anhydride, and subsequently distilled. Their picrates crystallised readily from methyl alcohol. 

3-Fluorodimethylaniline hydrochloride, colourless micro-prisms, m. p. 153° (Found: N, 8-1. 
C,H, NF,HCI requires N, 80%). 3-Chlorodimethylaniline hydrochloride, colourless plates, m. p. 
170° (Found: N, 7-5. C,H, »NCI,HCl requires N, 7:3%). 3-Bromodimethylaniline hydro- 
chloride, colourless plates, m. p. 194° (Found: N, 6-1. C,H, ,NBr,HCl requires N, 5-9%). 
3-lododimethylaniline hydrochloride, colourless plates, m. p. 165° (Found: N, 4-8. C,H,,NI,HCl 
requires N, 4-9%). 3-Fluorodimethylaniline picrate, greenish-yellow plates, m. p. 181° (Found : 
N, 15-3. CgH, >NF,C,H,O,N, requires N, 15:2%). 3-Chlorodimethylaniline picrate, greenish- 
yellow spears, m. p. 179° (Found: N, 14-3. C,H,,NCI,C,H,O,N, requires N, 145%). 3- 
Bromodimethylaniline picrate, greenish-yellow spears, m. p. 182° (Vorlander and Siebert, Ber., 
1919, 52, 288, give m. p. 134—138°) (Found: N, 13-2. Calc.: N, 13-0%). 3-lododimethyl- 
aniline picrate, greenish-yellow spears, m. p. 182° (Found: N, 11-8. C,H, NI,C,H,O,N, 
requires N, 118%). 

General Procedure for the Action of Excess of Nitrous Acid on the Four 3-Halogenodimethyl- 
anilines.—A solution of the 3-halogenodimethylaniline (2 g.) in hydrochloric acid (20 c.c., 
d 1-16) and water (100 c.c.) at 0° (floating ice) was shaken vigorously with finely powdered 
sodium nitrite (2 g.), added in one batch. In all four cases a greenish-yellow solid was pre- 
cipitated, which was collected after 10 minutes’ shaking. The filtrate was then made just 
alkaline at 0°, and the precipitate removed. The subsequent operations for the individual 
amines were as follows : 

(1) 3-Fluorodimethylaniline. The initial greenish-yellow precipitate, which was 3-fluoro- 
4-nitvodimethylaniline, remained unchanged when treated with warm aqueous sodium carbonate 
or with boiling water, the absence of a hydrochloride thus being proved. It crystallised from 
50% aqueous alcohol in golden-yellow needles, m. p. 120° (Found: N, 15-4. C,H,O,N,F 
requires N, 15-2%), which were not volatile in steain. On boiling with 2n-sodium hydroxide, 
it dissolved to give a golden-yellow fluorescent solution; this on acidification with hydrochloric 
acid precipitated 4-nitro-3-hydroxydimethylaniline, which crystallised from 50% aqueous alcohol 
in slender golden-yellow parallelepipeds, m. p. 141—142° (Found: N, 15-5. C,H,,0,N, 
requires N, 15-4%). The filtrate from the initial precipitate above, when made just alkaline, 
afiorded a green precipitate of 3-fluoro-4-nitrosodimethylaniline, which crystallised from methyl 
alcohol in deep green, rectangular prisms, m. p. 119° (Found: N, 16-6. C,H,ON,F requires 
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N, 166%). It dissolved in boiling 2N-sodium hydroxide with evolution of dimethylamine to 
give a deep red solution, from which 4-nitrosoresorcinol was precipitated on acidification. 
This compound had no m. p., gave no Liebermann nitroso-reaction [showing~it to be different 
from the expected 3-fluoro-4-nitrosophenol (Hodgson and Nicholson, loc. cit.)], and appeared 
to be identical with the substance produced by the action of boiling 2N-sodium hydroxide on 
4-nitroso-3-hydroxydimethylaniline. 

However gradually the excess of sodium hydroxide, either as solid or in solution, was added 
to the acid solution of m-fluorodimethylaniline, the initial crystallisation always contained 
3-fluoro-4-nitrodimethylaniline, but later fractions were mainly 3-fluoro-4-nitrosodimethylaniline 
hydrochloride, which separated from hydrochloric acid in yellow crystals (Found: HCl, 18-0. 
C,H,ON,F,HCI requires HCl, 17-8%). Steam-distillation of the original reaction mixture 
yielded the very volatile 3-fluoro-2-nitrodimethylaniline, b. p. 184°/752 mm. (Found: N, 15-3. 
C,H,O,N,F requires N, 15-2%). 

The Action of Sodium Nitrite on 3-Fluorodimethylaniline in Acetic Acid Solution.—3-Fluoro- 
dimethylaniline (2 c.c.), dissolved in glacial acetic acid (10 c.c.), was treated gradually with 
sodium nitrite (4 g.) dissolved in the minimum amount of water; the mixture at once became 
dark green. The precipitate of 3-fluoro-4-nitrosodimethylaniline which gradually separated 
was collected after 2 hours and crystallised from methyl alcohol, forming green rectangular 
prisms, m. p. and mixed m. p. with the above product 119° (Found: N, 16-7%). 

Synthesis of 3-Fluoro-4- and -6-nitrodimethylanilines.—Preparation of 3-fluoro-4- and -6-nitro- 
anilines. 3-Fluoroacetanilide, prepared from 3-fluoroaniline and acetic anhydride, crystallised 
from water in colourless rectangular plates, m. p. 85° (Found: N, 9-0. C,H,ONF requires 
N, 9:1%). <A solution of 3-fluoroacetanilide (15-4 g.) in acetic anhydride (20 c.c.) and oleum 
(10 c.c., 27% SO;) was gradually treatéd at 0° with nitric acid (7 c.c., d 1-5) in oleum (10 c.c., 
27% SO;). After 2 hours, the mixture was. poured on ice, and the precipitate of 3-fluoro-4- 
and -6-nitroacetanilides collected, washed with cold water, and refluxed for 6 hours with 50% 
sulphuric acid (90 c.c.) and alcohol (90 c.c.). Steam-distillation removed 3-fluoro-6-nitroaniline, 
which crystallised from water in bright yellow, feathery needles, m. p. 97° (Found: N, 18-2. 
C,H,O,N,F requires N, 17-9%). Yield, 3-4—3-8 g. Acetylation with a mixture of acetic 
anhydride and acetyl chloride gave 3-fluoro-6-nitroacetanilide, which crystallised from water in 
very pale yellow, almost colourless needles, m. p. 85° (Found: N, 14-2. C,H,O,N,F requires 
N, 141%). 

When the steam flask liquor was rendered faintly alkaline at 0° with aqueous sodium 
hydroxide, 3-fluoro-4-nitroaniline separated; it crystallised from aqueous alcohol in yellow 
needles, m. p. 153° (Found: N, 18-:1%). 3-Fluoro-4-nitroacetanilide crystallised from water 
in colourless needles, m. p. 138° (Found: N, 14-3%). 

Alternative preparation of 3-fluoro-4-nitroaniline. 3-Fluoroaniline (5 g.) and benzaldehyde 
(5 g.) were refluxed on the water-bath for 30 minutes, and the mixture dissolved in sulphuric 
acid (20 c.c., d 1-84), nitrated below 5° by the addition during 90 minutes of nitric acid (3 c:c., 
d 1-5) and sulphuric acid (10 c.c., d 1-84), and then poured into water. On steam-distillation, 
a little benzaldehyde and 3-fluoro-6-nitroaniline (0-1 g.) passed over. The non-volatile 3-fluoro- 
4-nitroaniline was purified as above. 

Proof of the constitutions of the 3-fluoro-4-nitro- and -6-nitro-anilines. The fluoronitroaniline 
(3-2 g.), dissolved in sulphuric acid (3 c.c., d 1-84) and water (8 c.c.), was stirred into a solution 
of sodium nitrite (1-5 g.) in water kept below 5°. After 10 minutes, the excess of nitrous acid 
was destroyed with urea, and the filtered solution added to boiling 50% sulphuric acid through 
which a current of steam was passing (cf. Hodgson, E.P. 200,714). The assumed 3-fluoro- 
6-nitroaniline was converted into the steam-volatile 3-fluoro-6-nitrophenol (Hodgson and 
Nixon, J., 1928, 1880), which passed over as a brown oil that solidified on cooling and crystal- 
lised from light petroleum in yellow needles, m. p. and mixed m. p. with an authentic specimen 
32° (Found: N, 9-1. Calc.: N, 8-9%). The assumed 3-fluoro-4-nitroaniline was converted 
into the non-steam-volatile 3-fluoro-4-nitrophenol, which separated from the flask liquor on 
cooling and crystallised from light petroleum in long colourless needles, m. p. and mixed m. p. 
with an authentic specimen 42° (Found: N, 9-1%). 

Dimethylation of the 3-fiuoro-4-nitro- and -6-nitro-anilines. The amine (3-5 g.) was heated 
in a sealed tube with methyl alcohol (6 c.c.) and methyl sulphate (7-5 c.c.) for 6 hours at 170°. 
After cooling, the mixture was poured into water and made alkaline; the dimethylated amine 
then separated. 3-Fluoro-4-nitrodimethylaniline crystallised from 50% aqueous alcohol in 
fine golden-yellow needles, m. p. 120° (Found: N, 15-3. Calc.: N, 15-2%), identical with the 
compound prepared by the action of nitrous acid on 3-fluorodimethylaniline. 3-Fluoro-6- 
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nitrodimethylaniline crystallised from 50% aqueous alcohol in yellow rectangular plates, m. p. 
39° (Found : N, 15-3. C,H,O,N,F requires N, 15-3%). 

(2) 3-Chlorodimethylaniline.—The initial yellow precipitate was a mixture of the unstable 
hydrochlorides of 3-chloro-2-nitvo- and 3-chloro-4-nitro-dimethylanilines, which were readily 
hydrolysed by water or when left exposed to the atmosphere. On steam distillation, the very 
volatile 3-chloro-2-nitrodimethylaniline passed over; it crystallised from light petroleum, in 
which it was very soluble, in long, bright yellow, rectangular prisms, m. p. 36° (Found: N, 
14-3. C,H,O,N,Cl requires N, 14-0%). The mixture of this compound with authentic 3-chloro- 
6-nitrodimethylaniline (Hodgson and Kershaw, loc. cit.) is liquid at room temperature. It is 
very stable to boiling aqueous potassium hydroxide. The non-volatile residue was 3-chloro- 
4-nitrodimethylaniline, which crystallised from alcohol in yellow needles, m. p. and mixed 
m. p. with a synthetic specimen (see below) 125—126° (Found: N, 14:2%). The initial filtrate 
above, when immediately neutralised, gave a precipitate of 3-chloro-4-nitrosodimethylaniline, 
which crystallised from methyl alcohol in green needles, m. p. 130° (Hodgson and Wignall, 
loc. cit., give m. p. 130°) (Found: Cl, 19-1. Calc. : Cl, 19-2%). 

When the filtrate was kept for 3 hours before neutralisation, the product subsequently 
obtained was a mixture, from which boiling water extracted 3-chloro-4-nitrosodimethylaniline, 
which separated on cooling. Boiling light petroleum extracted 3-chloro-4-nitrodimethy]- 
aniline, which was identified by comparison with the authentic specimén described below. 

Synthesis of 3-chloro-4-nitro- and -6-nitro-dimethylanilines. 3-Chloroacetanilide (16 g.) was 
added gradually to a mixture of concentrated nitric acid (10 c.c., d 1-42) and sulphuric acid 
(20 c.c., d 1-84) kept at 0°. The whole was kept for 12 hours at 30° and then poured on ice. 
The yellow precipitate which separated was removed and refluxed for 2 hours with 50% sul- 
phuric acid (80 c.c.), and the product steam-distilled. The steam-volatile 3-chloro-6-nitro- 
aniline passed over and solidified in golden-yellow plates, m. p. 126° (Lobry de Bruyn, Rec. 
Trav. chim., 1917, 36, 148, gives m. p. 126°) (Found: N, 16-4. Calc.: N, 162%). 

The filtered flask liquors, when rendered faintly alkaline at 0° with aqueous sodium 
hydroxide, gave 3-chloro-4-nitroaniline, which crystallised from water in yellow needles, m. p. 
158° (Lobry de Bruyn, Joc. cit., gives m. p. 158°) (Found: N, 16-2. Calc.: N, 16-2%). 

These amines were: dimethylated as described for the corresponding fluoro-analogues. 
3-Chloro-4-nitrodimethylaniline crystallised from alcohol in yellow needles, m. p. 125—126° 
(Found: N, 14:4%), and 3-chloro-6-nitrodimethylaniline from ligroin in pale yellow plates, 
m. p. 49° (Found: N, 14-2%). 

(3) 3-Bromodimethylaniline.—The initial yellow precipitate (1-1 g.), when washed with cold 
water, was unchanged, and afforded no soluble matter, thereby indicating absence of hydro- 
chlorides. On steam-distillation, 3-bromo-2-nitrodimethylaniline passed over; it crystallised 
from water in bundles of long, pale yellow needles, m. p. 38° (Found: N, 11:7. C,H,O,N,Br 
requires N, 11-4%), which were very soluble in light petroleum. Its mixture with 3-bromo- 
6-nitrodimethylaniline (Hodgson and Kershaw, loc. cit.) was liquid at room temperature. The 
steam flask liquors on cooling deposited 3-bromo-4-nitrodimethylaniline, which was much less 
soluble in light petroleum than the 2-nitro-isomeride and crystallised from 50% aqueous alcohol 
in bright greenish-yellow, rectangular prisms, m. p. 128° (Found: N, 11-2%), which resisted 
hydrolysis by boiling 2N-sodium hydroxide. The filtrate from the initial yellow precipitate, 
when neutralised, afforded only a small amount of 3-bromo-4-nitrosodimethylaniline, which 
crystallised from aqueous methyl alcohol in green needles, m. p. 129° (Hodgson and Wignall, 
loc. cit., give m. p. 129°) (Found: N, 12-1. Cale.: N, 12-2%). On boiling with 2n-sodium 
hydroxide, this was converted into 3-bromobenzoqypinone-4-oxime, with evolution of di- 
methylamine. 

(4) 3-lododimethylaniline.—Most of the initial precipitate (ca. 1 g.) was very soluble in 
cold light petroleum, from which on slow evaporation 3-iodo-2-nitrodimethylaniline crystallised 
in bright yellow, rectangular prisms, m. p. 50° (Found: N, 9-7. C,H,O,N,I requires N, 9-6%). 
When mixed with authentic 3-iodo-6-nitrodimethylaniline (Hodgson and Kershaw, Joc. cit.), it 
liquefied, and it was also volatile in steam. 

The residue of insoluble 3-iodo-4-nitrodimethylaniline which was not volatile in steam 
crystallised from its solution in benzene, on the addition of light petroleum, in yellow-brown 
needles, m. p. 140° (Found: N, 9-7%), which resisted hydrolysis by boiling 2N-sodium 
hydroxide. 

The initial filtrate, when neutralised, afforded a small amount of 3-iodo-4-nitrosodimethyl- 
aniline, m. p. 128° (decomp.) (Hodgson and Wignall, loc. cit., give m. p. 128°) (Found: I, 46-2. 
Calc.: I, 460%), and of 3-iodo-4-nitrodimethylaniline, which were separated by boiling light 
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petroleum, in which the former product was insoluble. When 3-iodo-4-nitrosodimethylaniline 
was boiled for 5 minutes with 2n-sodium hydroxide, dimethylamine was evolved; the filtered 
liquid on acidification gave 3-iodobenzoquinone-4-oxime, m. p. 190° (decomp.), identified by 
comparison with an authentic product (Hodgson and Moore, J., 1925, 127, 2260). 

When 3-iododimethylaniline was dissolved in excess of nitric acid (d 1-42), and the solution 
immediately poured on ice, the nitrate was precipitated ; it crystallised from water in colourless 
rectangular plates, which reddened at 120° and decomposed at 202° (Found: HNO,, 20-5. 
C,H,,NI,HNO, requires HNO , 20-3%). 


The authors thank Imperial Chemical Industries (Dyestuffs) Ltd. for various gifts. 
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138. An Interpretation of the Sandmeyer Reaction. 
By HERBERT H. Hopcson, STANLEY BIRTWELL, and JOHN WALKER. 


Cuprous halides react with diazonium salts mainly by two mechanisms: (1) The 
formation of a complex anion with halogen acid; attack by the anionoid halogen of 
this complex at the kationoid afyl-carbon atom to which the diazonium group is 
linked; release of an electron from the halogen to the nitrogen via the carbon; and 
final covalent linking of halogen to the carbon. 

(2) Oxidation of the cuprous halide to the cupric state by the kationoid diazonium 
ion, which involves release of an electron by the copper to the nitrogen, with subsequent 
linkage of the aryl radicals produced, to form diaryls. 


The direct action of hydriodic acid on diazonium salts is explicable by mechan- 
ism (1). 


It is stated by Hammett (“ Physical Organic Chemistry,’”” McGraw-Hill Book Co., New 


York and London, 1940, p. 295) that “‘ the characteristic effect of cuprous compounds in 
the Sandmeyer reaction has no obvious explanation,” and by Sidgwick (‘‘ Organic Chem- 
istry of Nitrogen,” Oxford, Clarendon Press, 1937, p. 407) that the action of metallic 
copper is not understood. In an attempt to solve this problem the present authors submit 
an interpretation of the Sandmeyer reaction and its variations based on a mechanism 
whereby the exceedingly stable halogen ions involved are rendered reactive (t.e., are 
somewhat destabilised) by cuprous salts acting purely as catalysts, which convert them 
into nucleophilic (anionoid) reagents by a temporary sharing of their stable octets. This 
interpretation is subsequently extended to explain the similar catalytic action of cupric 
salts, the experimental results of Hantzsch and Blagden (Ber., 1900, 33, 2544), the 
anomalous behaviour of fluorine compounds, and the sole exception to the general 
reaction of iodides with diazonium compounds reported by Cumming and Muir (J. Roy. 
Tech. Coll., 1936, 3, 562). Finally, the formation of diaryls in the Sandmeéyer reaction is 
shown to be a consequence of an oxidation-reduction mechanism involving conversion of 
cuprous into cupric salts. 

Mixed Sandmeyer Reactions.—Eight arylamines (see Table I) were diazotised by the 
Hodgson—Walker method (J., 1933, 1620), and the products decomposed in two ways: 
(a) By cuprous chloride dissolved in concentrated hydrobromic acid; the weights of 
4-chloro- and 4-bromo-l-nitrobenzene which resulted were in the ratio of ca. 4:96. 
(6) By cuprous bromide dissolved in concentrated hydrochloric acid; the ratio then 
shifted to 60:40. This distribution superficially contradicts the results of Hantzsch and 
Blagden (loc. cit.) which indicated the halogen:to come from the cuprous salt, since in (a) 
the halogen apparently comes directly from the acid. It will be shown, however, that 
there is complete harmony between all the data. 

To interpret these results, the dissolution of cuprous chloride and bromide in hydro- 
bromic acid and hydrochloric acid respectively is assumed to form a complex anion, ¢.g., 
[Cu,Cl,Br,]-- (cf. Saunders, “‘ The Aromatic Diazo-Compounds,” E. Arnold and Co., 
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London, 1936, p. 154 et seqg., for a resumé of the literature on the subject) and in this 
complex the bromine (see later) will be more reactive than the chlorine. 
The mechanism of decomposition of aryldiazonium chlorides 
>C>Nen: by cuprous chloride dissolved in hydrochloric acid could be then , 
envisaged as follows: Attraction of the complex anion [Cu,Cl,}-~ 
a, Cl to the diazonium kation, decomposition of the complex (I) in the 
4cu: Cu sequence - release of an electron at the carbon with separa- 
tion of neutral chlorine, evolution of nitrogen and linkage of neutral 
& chlorine to the aryl radical , followed by rehabilitation of the 
complex anion by co-ordination with an external chloride anion. 

For decomposition (a) the mixed complex will react by a bromine atom at the kationoid 
carbon of the diazonium ion, since bromine is more reactive than chlorine owing to its 
exterior electrons being less under control by the positive nucleus (cf. also Schwechten, 
Ber., 1932, 65, 1605). Moreover, release of a bromine ion from the copper to the kationoid 
carbon entails immediate replenishment of bromine to the copper from the bromine 
ions in solution, so that a preponderance of bromo-compound will Be formed (ca. 96% in 
the case of f-nitroaniline). It is reasonable to assume, however, that some of the complex 
anions will be in an environment where chlorine can be more reactive than bromine and 
in this case chloro-compound will result (ca. 4% for p-nitroaniline). 

For decomposition (6) the same complex anion will be formed and bromine as before 
will displace the group initially, but in this case the depleted copper anions will be 
replenished by chlorine anions from the solution, whereby chloro-complexes will now 
gradually take the place of the chloro-bromo-cuprous anions and the resulting mixture 
of chloro- and bromo-aryls will in consequence possess a more even distribution of the 
halogens than.in (a). Actually the chloro-compound predominates (60—70%), as would 
be expected. 

The Hantzsch-Blagden Data.—In these experiments (loc. cit.), the diazonium salt 
(1 mol.) was treated with cuprous halide (1 mol.) in aqueous suspension and also in methyl | 
sulphide solution. When (a) cuprous chloride reacted with p-bromobenzenediazonium 
bromide, the main ee was p-chlorobromobenzene, and (b) when cuprous bromide 

reacted with -bromobenzene- 

diazonium chloride, the main 

product was p-dibromobenzene. 

From the above point of view it 

would appear that an incipient 

complex anion is formed in each 

case (II) between the cuprous 

halide and co-ordinating solvent 

: ; ; ions, viz., water. and methyl sul- 

In Me,S solution H. fm is replaced by Ns Fs phide respectively. Reaction 

a + would then occur via (a) chlorine, 

and (b) bromine, with formation 

of p-chlorobromobenzene in (a), and p-dibromobenzene in (b). The halogen atoms from 

the diazonium salt will then replace the departing halogen of the complex (II) and so tend 

to form the other halogen derivative in minor yield, as found by Hantzsch and Blagden. 

The contention of Hantzsch that the halogen came from the cuprous salt is therefore 

valid, but if he had carried out the mixed Sandmeyer experiments described by the present 

authors, especially where nearly 100% of bromo-compound resulted when cuprous chloride 

was employed in hydrobromic acid solution, the erroneous deduction that the halogen 

came directly from the acid would have been well nigh irresistible. The more vigorous 

reaction obtained when methyl sulphide was employed in homogeneous medium would 

be expected from the greater abundance of the copper complex and its greater negativity 

due to the more permanent co-ordination with methyl sulphide than with the polarised 
water molecules. 

A series of experiments (Table III) with f-nitrobenzenediazonium chloride and a 
constant weight of cuprous bromide dissolved in various amounts of concentrated hydro- 
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chloric acid showed that, as the cuprous bromide concentration decreased, the amount of 
replacement by chlorine increased, though not proportionately, as would be expected. 

Copper as Catalyst in the Sandmeyer Reaction.—Gattermann’s substitution of metallic 
copper for cuprous halide was tested for mixed halogen acids by (a) diazotising #-nitro- 
aniline in hydrochloric acid, adding the equivalent of hydrobromic acid, and treating the 
mixture with copper powder; (6) diazotising #-nitroaniline in concentrated sulphuric 
acid, adding concentrated aqueous solutions of sodium chloride and sodium bromide, and 
then decomposing the mixture with copper powder. For comparison, f-nitroaniline was 
diazotised by the Hodgson—Walker method (loc. cit.), and the product treated separately 
with a solution of (c) cuprous bromide and (d) cuprous chloride in a mixture of hydro- 
chloric and hydrobromic acids. In both (a) and (6), 4-bromonitrobenzene was formed in 
over 85% yield together with #-nitrophenol. Almost theoretical yields of halogeno- 
nitrobenzenes were obtained in (c) and (d), the distribution being (c) 96% of 4-bromo- 
and 4% of 4-chloro-nitrobenzene, (d) 94% of 4-bromo- and 6% of 4-chloro-nitrobenzene ; 
p-nitrophenol was absent in both experiments. The overwhelming replacement of the 
diazo-group by bromine. was thus in accord with previous experience. The effect of the 
water content in (a) and (0) is shown by the formation of -nitrophenol. 

Mixed Sandmeyer Reactions with Cuprous Iodide.—When solutions of -nitroaniline 
diazotised by the Hodgson—Walker method were poured into suspensions of cuprous 
iodide in hydrochloric acid and in hydrobromic acid, the yields of 4-iodonitrobenzene 
were 80% and 75% respectively. It follows that in the incipiently formed cuprous 
chloroiodo- and cuprous bromoiodo-complexes, the iodine is much more reactive than 
bromine or chlorine, and the bromine is more reactive than the chlorine, since the yield 
of 4-bromonitrobenzene exceeded that of 4-chloronitrobenzene under equivalent conditions. 

The Action of Cupric Salts on Diazonium Compounds.—Sandmeyer has reported that 
cupric salts are without the same action as cuprous salts, and Blumberger (Rec. Trav. 
chim., 1930, 49, 26) that cupric salts merely accelerate decomposition. These statements 
have long since been true only in degree, since good yields of bromo-compounds are formed 
when amines are diazotised in sulphuric acid solution and then treated with solutions of 
sodium bromide (no action alone) and copper sulphate. Further Hodgson (J. Soc. Dyers 
and Col., 1926, 42, 367) found that, when 3-bromo- 4 : 6-dinitroaniline was diazotised in 
sulphuric acid solution and then treated with cuprous chloride and hydrochloric acid, 
1 : 6-dichloro-3-bromo-4-nitrobenzene was formed in the cold and 1: 4: 6-trichloro-3- 
bromobenzene in the hot reaction. However, treatment at or below 0° with sodium 
chloride (no action alone), followed by pure copper sulphate, gave the required 1-chloro- 
3-bromo-4 : 6-dinitrobenzene in almost quantitative yield. From these results it would 
appear that the Sandmeyer reaction is dependent on the degree of positivity of the di#zonium 
ion, and that when this positivity is superlatively intense, as in the 3-bromo-4 : 6-dinitro- 
benzene-1-diazonium ion, cupric salts are enabled to bring about replacement by chlorine. 

Finally, cupric salts readily react like cuprous salts with nitronaphthalenediazonium 
ions (Contardi and Mor, Rend. Ist. Lombardo, 1924, 57, 646) and thereby provide support- 
ing evidence for the point of view above with respect to positivity and facility of replace- 

ment. Germane also is Saunders’ opinion (loc. cit., p. 155) that the 

Br ~~ Sandmeyer reaction is a characteristic of the diazonium salt, since 
| ee it only proceeds in acid solution. 

Br—>Cu**<-Br The mechanism of the catalytic action of cupric salts can be 


2 assumed to differ in nowise from that for cuprous salts, viz., the 


m formation of complex cupric anions (III), which, while of ephemeral 
eat.) existence, nevertheless serve to activate the otherwise stable 
halogen ions. 


The Anomalous Case of Hydrofluoric Acid.—In aqueous solution hydrofluoric acid is 


regarded as being present mainly in molecules of H,F, (largely ionised as HHF,) with 
only a small amount of HF (probably non-ionised). These properties account for the 
ineffectiveness of copper as a catalyst, since the affinity of fluorine for hydrogen and the 


e) 
stability of the HF, anion apparently prevent complex cuprous ion formation. The 
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small yield of fluoro-compound (ca. 25% from diazotised m-nitroaniline; Hodgson and 
Nixon, J., 1928, 1879) would therefore appear to be due to attack of kationoid carbon by 


non-ionised HF (IV), the HF, ion being unreactive like the chloride and bromide anions. 


® 9 
When, however, a dry borofluoride is decomposed by heating, e.g., R-N,}BF,, the same 
kind < of process occurs as in the cuprous salt mechanism, viz., a polarised fluorine atom in 


the BF, i ion attacks the kationoid carbon (V) like chlorine in the [Cu,Cl,]-~ complex, with 
resulting evolution of nitrogen and BF,, and subsequent replacement: of diazo-group by 


fluorine. 
av, >>, 
“ei 
Such a reaction is exactly analogous to the heating of dry diazoyperbromides which affords 
improved yields of bromo-compounds over those obtained ayy sero solution (Saunders, 
loc. cit., p. 154). 

The poor yields of halogeno-compounds obtained when diazonium salts are heated 
with even the most concentrated hydrochloric and hydrobromic acids would on analogy 
with hydrofluoric acid be due to the simultaneous reactions of water (fast) and non-ionised 
acid (slow, since the concentration is small). Blumberger’s observation (Rec. Trav. chim., 
1930, 49, 1420) that the addition of chlorides to decomposing dilute hydrochloric acid 
solutions of diazobenzene chloride somewhat increased the yield of chlorobenzene gives 
supporting evidence of the previous point of view, since the concentration of the non- 
ionised but very unstable hydrogen chloride would be slightly increased. The enormous 
excess of chloride anions present would indicate direct attack by them to be improbable, 
and, in the case of very concentrated hydrobromic acid, the bromine ions would exceed 
the amount of water present. 

The Action of Iodides on Acid Solutions of Diazonium Salts —Experiments have been 
made to test whether the facile direct replacement of the diazo-group by iodine was due 
to the iodide anion as generally supposed or was bound up with the oxidising action of the 
diazo-group. For this purpose #-nitroaniline was diazotised in hydrochloric acid and 
treated with sodium bisulphite; -nitrophenylhydrazine hydrochloride then resulted; 
when, however, the mineral acid was first replaced by acetic acid, sodium bisulphite or 
sodium thiosulphate was without immediate effect, and subsequent addition of potassium 
iodide produced no 4-iodonitrobenzene in either case. On addition of the mild 
oxidising agent copper sulphate, 4-iodonitrobenzene was immediately precipitated. 
Further, potassium iodide decomposed a diazo-compound much more slowly in dilute 
acetic acid than in dilute mineral acid, which would indicate an equilibrium of 


R‘N-N-0-CO-CH; ==> R Wok CO-CH, greatly in favour of the covalent diazo-acetate. In 


consequence, since it is the positive diazonium ion which oxidises the iodide ion to the 
iodine radical (neutral atom) initially, the reaction in acetic acid will be slow, whereas in 
mineral acid, where the diazonium ion is in great excess, reaction will be rapid. On 
analogy with the action of cuprous salts (as halogen carriers), it is reasonable to assume 
that the iodine acts also in its familiar réle as halogen carrier, via a 
mechanism in which the iodine radical first formed by oxidation unites 
with another to form the molecule I,, which then by combination with 


an iodide ion forms i, and this complex anion reacts with a diazonium 
ion (VI) to form the iodo-compound., I is liberated, more I, is 
regenerated, and so on. 

Further, if the reaction between diazonium ion and hydriodic acid was purely the simpler 
one of straight reduction-oxidation with immediate combination of the aryl and iodine 
radicals formed, it would be reasonable to expect some diaryl formation (see later), whereas 
this has not been observed. 
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The Exception reported by Cumming and Muir.—1-Diazonaphthalene-8-sulphonic acid, 
when treated with potassium iodide in pyridine solution, afforded naphthalene-1 : 8-sultone 
and not the iodo-compound. This may readily be explained by initial formation of 
complex (a) (VIII), which then undergoes the changes (6) and (c) : 


\ \ 
( ‘ (\ 
ar 


of 
: I — > 
positive charge 


® 
rok due = — 
0 /N\N 


| J 
W\F 


A 


(a) 


This exception to the general rule of iodo-substitution illustrates the whole scheme of 
interpretation employed in this paper, since it is the anionoid sulphonic bound-ion which 
seeks the kationoid carbon to which the diazo-group is attached, while the iodide ion never 
departs from its anionic condition, and so remains non-reactive. The latter fact also 
gives support to the mechanism of iodine replacement of the diazo-group advanced above. 

Diaryl Formation in the Sandmeyer Reaction.—When benzenediazonium chloride is 
added below 10° to a solution of cuprous chloride which has been so diluted with water 
that the cuprous chloride is just precipitating, the main product is chlorobenzene, but 
when the sequence of addition is reversed the chlorobenzene is now accompanied by 
considerable amounts of diphenyl and 4-hydroxydipheny.. These experiments show that, 
when the complex anion is in excess, the main attack is at the kationoid carbon to which 
the diazo-group is attached, whereas when the diazonium salt is in excess a considerable 
oxidation by the diazonium salt occurs. These experiments are in line with the observ- 
ation of Hodgson and Walker (loc. cit.), who found’that when o- or #-nitroaniline was 
diazotised in sulphuric-acetic acid and treated with a concentrated hydrochloric acid 
solution of cuprous chloride, i.e., with a minimum of water present, no diaryl formation 
occurred, whereas under more aqueous conditions considerable quantities of 2: 2’- and 
4: 4’-dinitrodiphenyl were formed. In the former case the chlorine in the cuprous ion 
complex was undoubtedly the active agent while the cuprous chloride functioned solely 
as a catalyst (halogen carrier), whereas in the latter case, with more water and therefore 
- with more free cuprous chloride present, the copper donates an electron to the diazonium 
ion; it is thereby oxidised to the cupric ion, nitrogen is evolved, the carbon to which it 
was linked is now in the radical state, and diaryl formation takes place. 

The cuprous chloride in the last case is no longer a catalyst but a reducing agent, and 
to test the effect of substituents in the nucleus on diaryl formation, aniline, p-bromo- 
aniline, -toluidine, and o-nitroaniline were diazotised in hydrochloric acid solution in an 
atmosphere of carbon dioxide. From the estimation of the cupric chloride formed, the 
first three indicated 0-2, 0-15, and 0-17 g.-mol. respectively of diaryl formation per g.-mol. 
of amine taken, while o-nitroaniline gave 0-56 g.-mol. of 2: 2’-dinitrodiphenyl. This 
shows that the more positive the diazonium ion, the more readily it oxidises the cuprous 
chloride. The similar results of p-bromoaniline and -toluidine must be due to the meso- 
meric effect (Baddeley, Bennett, Glasstone, and Jones, J., 1935, 1827) of the bromine 
counteracting its negative inductive (— J) effect, since, if only the inductive effect had 
operated, there should have been much greater diaryl formation than that realised. 


EXPERIMENTAL. 


Decomposition of Diazotised Amines by the Sandmeyer Reaction. General Procedure-—The 
amine (1/40 g.-mol.), dissolved in glacial acetic acid (usually 1 g. of amine to 12 c.c. of acid), 
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was stirred gradually below 20° into a solution of sodium nitrite (2 g.) in sulphuric acid (14 
c.c., d 1-84), and the mixture kept for 1 hour and then added dropwise to a solution of freshly 
prepared cuprous chloride (1/40 g.-mol., i.e., 5 g. of Cu,Cl,) in 35% hydrobromic acid [75 c.c., 
made from hydrobromic acid (35 c.c., d 1-7) and water (40 c.c.)]. When reaction ceased (1 
hour), the mixture was diluted with water and steam-distilled should the halogen products be 
volatile. When the products were not steam-volatile, they were collected, washed with aqueous 
sodium hydroxide and with water, dried, and analysed for mixed halogens. 

The procedure was repeated as above except that the diazotised amine was added to a 
solution of freshly prepared cuprous bromide in hydrochloric acid (75 c.c., d 1-16) so as to get 
parallel conditions. The detailed results are in Table I. 


TABLE I. 


Decompositions with the Solution of Cuprous Chloride in Hydrobromic Acid. 
Mixed product. 


Analysis, calc. as 
halogeno-compounds. -/ 
Yield, a 

Amine (1/40 g.-mol.). * g- % Bromo. % Chloro. Remarks. 

2-Nitroaniline (3-5 g.) ‘ 4-1 90 10- ~- Product from first steam-distillation was 
redistilled from aqueous sodium hydr- 
oxide, since any o-nitrophenol formed 
would be present. Only a small 
amount was found in the flask liquor. 





4-Nitroaniline (3-5 g.) . . 

3-Nitroaniline (3-5 g.) 4 Small amount of m-nitrophenol in 
liquors after steam-distillation. 

p-Phenylenediamine . The analytical data relate to actual halo- 

(1-35 g.) gen contents and not to their distribu- 
tion, i.e., 1-chloro-4-bromobenzene 
a ee ae 1:4 
: oro- and 1 : 4-dibromo-benzene. 

Benzidine (2-3 g.) 146—150 3- Not isolated by steam-distillation. 

p-Chloroaniline (3-2 g.) 65 , 

p-Bromoaniline (4:3 g.) 88 


olution of Cuprous Bromide in Hydrochloric Acid. 
4-Nitroaniline (3-5 g.) 96 . 36 64 
3-Nitroaniline (3-5 g.) 41—45 . 32 68 Liquor after steam-distillation con- 
j tained some hydroxy-compound. 
2-Nitroaniline (3-5 g.) 31—34 ° 31 9 
p-Phenylenediamine 55—65 : 31 The analytical data relate to actual con- 
(1-35 g.) tent of halogens, and not to their dis- 
tribution, i.e., 1-chloro-4-bromobenz- 
ene might be present as 1 : 4-dichloro- 
and 1 : 4-dibromo-benzene. 


120—140 
2 g. 58 


3 g. 74 
136—138 


TABLE II. 


Thermal Data for Mixtures of p-Chloro- and p-Bromo-nitrobenzene. 


90 80 70 60 50 45 
10 20 30 40 50 55 
122° 118° 113° 108° 102° 99-5° 
The graph of these data is practically a straight line as far as 45% of p-bromonitrobenzene 
and then becomes irregular, so that only these results were used for interpreting mixed m. p.’s 
and checking the analytical data of Tables I and III. 


Variation in the Proportion of Halogen Acid to Cuprous Salt and its Effect on the Sandmeyer 
Distribution. Procedure.—Excess of halogen acid and excess of cuprous salt were maintained 
throughout and the experiments were limited to p-nitroaniline, which was diazotised by the 
Hodgson—Walker method (see Table III). 

Experiments on Gattermann’s Copper Powder Modification of the Sandmeyer Reaction in 
Mixtures of Hydrochloric and Hydrobromic Acids.—(a) p-Nitroaniline (3-5 g., 1/40 g.-mol.) was 
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TaBLeE III. 
Proportion of cuprous Mixed product. 

Amount of bromide to halogen acid - ~ 
p-nitroaniline used. Cu,Br, : HCl (c.c.), d 1-16. M. p. Yield, g. %Chloro. % Bromo. 
1/80 G.-mol., 1-75 g. 1/80 G.-mol.: 12-5 53 

” ” ” : 25-0 
” ” 2 : 60-0 
‘ a » : 75-0 
1/40 G.-mol., 3-5 g. 1/40 G.-mol.: 75-0 
” ” o : 150-0 
dissolved in hydrochloric acid (50 c.c., d 1-16) and diazotised at 0° (external cooling) by sodium 
nitrite (3 g.) in water (15 c.c.). 35% Hydrobromic acid was then added, followed by excess of 
freshly prepared copper powder, and the temperature raised to 50° and maintained for 30 
minutes. On steam-distillation, 2-6 g. of mixed products were obtained, m. p. 121° (Found: 
.p-chloronitrobenzene, 12-5% ; p-bromonitrobenzene, 87-5%). 

(6) p-Nitroaniline (3-5 g., 1/40 g.-mol.) was dissolved in sulphuric acid (50 c.c., d 1-84), ice 
(50 g.) added, and the mixture diazotised at 0° by the addition of finely powdered sodium 
nitrite (3-0 g.). The diazo-solution was then mixed with one of sodium chloride (30 g.) and 
sodium bromide (30 g.) in water (100 c.c.), and freshly prepared copper powder added (made 
from 25 g. of crystallised copper sulphate). To accelerate the reaction the mixture was heated 
at ca. 50° for 30 minutes; the volatile halogeno-compounds were then removed by steam- 
distillation as before. Yield of mixed products, 1-9 g., m. p. 120° (Found: #-chloronitro- 
benzene, 15%; p-bromonitrobenzene, 85%). 

In (a) and (b), p-nitrophenol formation was much larger than in the experiments previously 
described. 

(c) p-Nitroaniline (3-5 g., 1/40 g.-mol.), dissolved in glacial acetic acid (42 c.c.), was added 
to a solution of sodium nitrite (2-0 g.) in sulphuric acid (14 c.c., d 1-84) at 0°, and the mixture 
after the completion of the diazotisation was poured into a solution of cuprous bromide (1/40 
g.-mol.) in hydrochloric acid (25 c.c., d 1-16), hydrobromic acid (25 c.c., d 1:7), and water (20 
c.c.). Steam-distillation removed 4-2 g. of mixed products, m. p. 124-5° (Found: #-chloro- 
nitrobenzene, 4% ; p-bromonitrobenzene, 96%). 

(d) Repetition of (c) with cuprous chloride (5 g., 1/40 g.-mol.) instead of the cuprous bromide 
gave 4-2 g. of mixed products, m. p. 123-5° (Found: #-chloronitrobenzene, 6% ; p-bromo- 
nitrobenzene, 94%). 

Action of Cuprous Iodide in Hydrochloric and Hydrobromic Acids on Diazotised p-Nitro- 
aniline.—p-Nitroaniline (1/40 g.-mol.) was diazotised by the Hodgson—Walker method, and 
the solution poured into suspensions of cuprous iodide (1/20 g.-mol.) in hydrochloric acid (150 
c.c., 35%) or in hydrobromic acid (150 c.c., 35%). The products, extracted with benzene, 
consisted of 80% of iodonitrobenzene and 20% of chloronitrobenzene, and 75% of iodonitro- 
benzene and 25% of bromonitrobenzene respectively. 

Determination of the Amount of Cupric Chloride formed in the Sandmeyer Reaction.—Accurate 
estimation of the extent of oxidation of the cuprous chloride was impossible unless the complete 
operation was carried out in absence of air. 

Procedure. Cuprous chloride (1 g.) was introduced into the flask, through which carbon 
dioxide was passing, and when all the air had been expelled, 10 c.c. of hot concentrated hydro- 
chloric acid were introduced inside the flask to dissolve the cuprous halide. This was followed 
by the dropwise addition of the diazonium solution, in which the excess of nitrous acid had 
been destroyed by urea, containing ca. 1/200 g.-mol. per 30 c.c. used. The hot mixture was 
kept for 1 hour for completion of the reaction, the current of carbon dioxide being continued 
throughout. The hydrochloric acid was then neutralised by the addition of 25 c.c. of a solution 
containing sodium carbonate and sodium acetate (in the proportion of 50 g. and 25 g. respect- 


ively per 200 c.c.), and the cupric copper then estimated by the determination of iodine 
liberated from potassium iodide. 





Results: 1 G.-mol. of aniline ee 0-20 g.-mol. of cupric chloride 
€ ” 


po p-bromoa 0-15 We 
pa p-toluidine ie 0-17 
eh o-nitroaniline _,, 0-56 


” 
” ” 


” ” 
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139. The Associating Effect of the Hydrogen Atom. Part VIII. The 
N-H-N Bond. Benziminazoles, Glyoxalines, Amidines, and Guanidines. 


By Louis HUNTER and JOHN A. MARRIOTT. 


Measurement of molecular weight of amidines and related substances has been 
made in naphthalene solution over a range of concentration, and evidence has been 
adduced indicating molecular association through N—H-—N bonds in those compounds 
possessing an unsubstituted imino-group. From the large factors of association 
exhibited by the glyoxalines and benziminazoles, it would appear that the N-H-—N 
bond is neither so weak nor so rare as has hitherto been supposed. The strength of 
the bond is evidently enhanced in compounds of tautomeric character, and the 


virtual tautomerism of the types mentioned in the title is explained as a resonance 
phenomenon. 


THE formal resemblance between amidines (I) and diazoamino-compounds (II) is only 
weakly reflected in their chemical properties owing to the dominating influence of the 
azo-group. The two classes are, however, closely similar in exhibiting virtual tautomerism, 
i.¢., one substance shows all the chemical properties to be expected of the equilibrium 
NR:X:NHR’ == NHR:X:NR’ (X = CR or N). The virtual tautomerism of the diazo- 
amino-compounds having been connected with their associated character (Hunter, J+ 
1937, 320), it seemed desirable to examine the molecular condition of the amidines in 
order to discover whether their tautomeric behaviour is accompanied by a parallel 
molecular association. 

Although amidines possessing a free imino-hydrogen atom (as in I) proved to be slightly 
more associated than those without (e.g., NR:CR*-NRR’), the differences between these 
two types of amidine were found to be far less marked than is the case in the diazoamino- 
compounds (loc. cit.) and other compounds described in previous parts of this series. In 
contrast, the glyoxalines (III) and the benziminazoles (IV), which can be regarded as 






NH 
ait 1 1 

NR:CR:NHR’ NR:N-NHR’ Hs RR Yor 

CH - 


(IV.) 










(I.) 


cyclic amidines, are found to be very strongly associated provided the imino-group remains 
unsubstituted; their N-substituted derivatives, on the contrary, are unassociated. It 
would appear, then, that association in these compounds is a hydrogen-bond phenomenon, 
and evidence is given for the belief that the bond involves a N-H-N bridge between the 
imino-group of one molecule and the tertiary nitrogen atom of another. The markedly 
superior tendency to associate in the glyoxalines and benziminazoles when compared 
with the amidines is probably connected with the more pronounced acid character of the 
former compounds; the belief is very generally held (Buswell, Rodebush, and Roy, /. 
Amer. Chem. Soc., 1938, 60, 2239; Pauling, ‘“‘ The Nature of the Chemical Bond,’’ Cornell, 
1940, pp. 287, 307) that the tendency to form hydrogen bonds is the stronger the more 
acidic is the nature of the hydrogen atom concerned. 

Independent support of the evidence provided by molecular association is indicated 
in the very striking melting-point relationships between the glyoxalines and benziminazoles 
and their N-substituted derivatives (Table I). Although no close connexion between 
molecular complexity and melting point has been formulated, the unusually large reduc- 
tions of melting point caused by substituting the 1-position of these compounds constitute 
strong suspicion of considerable complexity in the unsubstituted compounds. 

Except in so far as the molecules of the substances examined are held together by 
hydrogen bonds, no conclusion can be drawn from the molecular-weight evidence as to 
the type of polymers formed. The form of the molecular-weight curves is such as to 
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Hunter and Marriott: 


TABLE I, 


Glyoxaline 4: §-Diphenyl-2-isopropylglyoxaline 
1-Methylglyoxaline iqui 4 : 5-Diphenyl-1-methyl-2-isopropylgly- 
1-Ethylglyoxaline iqui oxaline 
1-Phenylglyoxaline Benziminazole — 
1-a-Naphthylglyoxaline 1-Methylbenziminazole 
2-Methylglyoxaline 1-Phenylbenziminazole 
1 : 2-Dimethylglyoxaline iqui 2-Methylbenziminazole 
4: 5-Diphenylglyoxaline 1 ; 2-Dimethylbenziminazole 
4 : §-Diphenyl-1-methylglyoxaline 2-Phenylbenziminazole 

: 1 : 2-Diphenylbenziminazole 

2-Phenyl-1-benzylbenziminazole 


indicate little or no falling off of the association factor with increasing concentration, and 
it would appear that chain polymers are the most probable. Indeed, except for some of 
the simpler amidines, cyclic dimers of the type suggested for the diazoamino-compounds 
(Hunter, doc. cit.) would be sterically impossible. Whatever form the molecular association 
takes, however, it appears likely that the virtual tautomerism of the amidines, glyoxalines, 
and derivatives is closely connected with it; 7.e., that the alternative attachment of the 
tautomeric hydrogen atom to one nitrogen atom or the other gives rise to a resonance 
hybrid showing all the properties of the virtually tautomeric mixture (for full discussion 
see Hunter, Chem. and Ind., 1941, 60, 32). 

In’the present work, measurements have been made cryoscopically in naphthalene 
solution over a range of concentration. Conclusions as to molecular association have 
been made, as in previous parts of this series, by comparison of the slopes of the molecular 
weight-concentration curves; a steep curve is taken to indicate molecular association, 
and a flat or gently sloped curve non-association. By comparing the slopes of these 
curves for substances of similar constitution, errors arising from departures from the 
ideal laws are very much diminished. The more important results obtained for each class 
of compound examined are set out below. 

Benziminazoles (Figs. 1—4).—Benziminazoles unsubstituted in position 1 are all highly 
associated, but association is checked completely by replacement of the imino-hydrogen 
atom by alkyl or aryl groups (Figs. 1 and 2), by acyl or carbethoxy-groups (Fig. 2), or 
by’ amino-groups (Fig. 3). The solubility of the benziminazoles runs roughly parallel 
with this behaviour: those having a free imino-hydrogen atom are, with few exceptions, 
sparingly soluble in hydrocarbon solvents, whereas the reverse is true of the N-substituted 
derivatives. 

Numerous examples have been recorded in previous parts of this series (J., 1938, 375, 
1034; 1939, 484; 1940, 166) of the engagement of the hydrogen atom responsible for 
molecular association in chelate ring-formation, with consequent suppression of molecular 
association. Similar results are now observed in the benziminazole series. Thus, 2-benzoyl- 
benziminazole (V; Fig. 3), although slightly more associated than its 1-substituted 
isomer (IV; H = COPh), is considerably less associated than any of the benziminazoles 
with an unsubstituted 1-position. It would appear that the majority of its molecules 
possess an internally chelate (N-H-O) structure, as indicated in (V). Its phenylmethyl- 
hydrazone (VI) is similar in being only weakly associated, no doubt on account of the 
formation of an internal N-H-N bond. In view of the failure of 2-benzeneazoglyoxaline 


9 “, 
yo 

x7 

Nw . (VI.) (VIII.) 


(see p. 780) to achieve a similar type of chelation, the possibility cannot be entirely excluded 
that the greatly reduced degree of association found in (VI) may be due to the steric 
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disposition of the phenylmethylhydrazone group in a manner such as to lead to inter- 
ference with the smooth functioning of intermolecular N-H-N bonds. The somewhat 
restricted solubility in naphthalene of (V) (about 6-5%) and (VI) (about 5%) would seem 
to give support to the molecular-weight evidence that a certain proportion of their mole- 
cules are associated by the ordinary benziminazole mechanism. On the other hand 
2-(8’-quinolyl)benziminazole (VII), by its high solubility in naphthalene and its relatively 
flat association-concentration curve (Fig. 3), shows unmistakable signs of possessing a 
chelate structure. 2-o0-Nitrophenylbenziminazole (VIII; Fig. 4) is highly associated and 
therefore not chelate. 

The behaviour of the phenylhydrazone (IX) of 2-benzoylbenziminazole is specially 
noteworthy. This compound is completely unassociated (Fig. 3), is at least three times 
as soluble in naphthalene as either 2-benzoylbenziminazole (V; m. p. 210°) or its phenyl- 
methylhydrazone (VI; m. p. 223°), and has a melting point (184°) lower than either. 
Indeed, it is so completely different from these compounds that we ascribe to it a six- 
membered chelate structure involving a N-H-N bond, the greater stability of which, by 
comparison with the five-membered systems in (V) and (VI), would account for the 
very high proportion of its molecules being unassociated. It will be observed that the 
unimolecular state of this compound is attributed, not to the replacement of its iminazole 
hydrogen atom, or even to its involvement in chelate ring-formation, but to the engage- 
ment of the tertiary nitrogen atom of the iminazole nucleus in co-ordinate ring-formation. 
That this can equally well result in checking association is borne out by other examples. 
For instance, oc 2-o-hydroxyphenyl- (X) and i ai (XI) are 


NH 
ane, $8 
C—CPh 
OS Nn oe aes 
, r+ “H—O HWA 
(IX.) (X.) (XI.) 


substantially unimolecular (Fig. 4). Indeed, (X) is a unique example of a compound 
possessing two highly associating groups (hydroxyl and iminazole) which, by virtue of 
their mutual satisfaction within the molecule, result in the suppression of intermolecular 
hydrogen bonds. Another example (XIV) of similar type is quoted in the next section. 
Glyoxalines (Fig. 5).—The high solubility of glyoxaline (III; R = H) in water and in 
other donor solvents, together with the very great reduction of melting point caused by 
substitution in its 1-position (Table I), is strong presumptive evidence of electron-accepting 
tendencies in its imino-hydrogen atom. In spite of this, we scarcely anticipated the 


extremely high degree of association actually found in naphthalene solution, or the 
‘steepness of its association-concentration curve (Curve 1). Although the factors of 
‘association found for this substance and for its 2:4: 5-trimethyl derivative (Curve 2) 


cannot be accepted literally, they do indicate a most unusually high state of polymerisation. 
That this is due in some measure to the conjugated structure of the glyoxalines is shown 
by the much reduced associationggxhibited by lysidine (2-methy]l-4 : 5-dihydroglyoxaline ; 

Curve 7), in which the conjugation is absent, although the imino-hydrogen atom remains. 

Of the C-substituted glyoxalines investigated, 4 : 5-diphenyl- (XII; R = Ph, R’ = H), 

4 ; §-diphenyl-2-methyl- (XII; R = Ph, R’ = Me), and 2: 4: 5-triphenyl-glyoxaline (XII; 
R = R’ = Ph) had rather limited solubilities in naphthalene, but in spite of this the slopes 
of the realisable portions of their curves are still considerable, and only slightly less than 


Ph: — Ph-C—NH 


XIV. 
SO ae mata” ioe et 
(XIII.) “H—O 


those of the simpler glyoxalines. That the properties of these compounds are largely due 
to the possession of an unsubstituted 1-position is indicated by the behaviour of 4 : 5-di- 





780 Hunter and Marriott : 


phenyl-I-methylglyoxaline (XIII); this compound is completely unassociated (Curve 9), 
and is at least ten times as soluble in naphthalene as either its 2-methyl isomer (XII; 
R = Ph, R’ = Me) or its lower homologue 4 : 5-diphenylglyoxaline. This striking result 
affords convincing proof that association in the glyoxalines, as with the benziminazoles. 
is dependent on the presence of a free imino-hydrogen atom. 


Key To Fics. 1—8. 


Fie. 1. Fie. 2. 


Benziminazole. 
2-Methylbenziminazole. 
2-Ethylbenziminazole. 
2-n-Propylbenziminazole. 
pe me ere mee 
a3 
2- 


2 : 5-Dimethylbenziminazole. 
2-n-Butylbenziminazole. 
2-isoButylbenziminazole. 
2-Benzylbenziminazole. 
1-Carbethoxybenziminazole. 
1-Benzoylbenziminazole. 


om Oo toe 
hid dud 


2-Dimethylbenziminazole. 
-Phenyl-1-benzylbenziminazole. 


AAQKkt wNwe 


Fic. 3. Fic. 6. 


2-Methyl-f-naphthiminazole. 1 = N-Phenyl-N’- Se. 
2-Benzoylbenziminazolephenylmethylhydrazone. 2 = NN’-Diphenylacetamidin 
2-Benzoylbenziminazole. 3 = N-Phenyl-N " m-tolylacetamidine. 
1-Phenylamino-2- nan pacabibintonecte. 4 = N-Phenyl-N’-o-tolylacetamidine. 
2- 
2- 
1 


1b und 


Benzoylbenziminazolephenylhydrazone 5 = N-Phenyl-N’-B-naphthylacetamidine. 


SIRT POD 
| 


(8’- ene Ser ee 6 = NN’-Diphenylpropionamidine. 
-p-Tolylamino-2-pheny]-6-methylbenziminazole. : = ~ ra Dico-tolylacetamidine, 
9 = Triphenylacetamidine. 

Fic. 4. 10 = NN’-Diphenyl-N-methylacetamidine. 
1 = 2-0-Nitrophenylbenziminazole. 11 = NN-Diphenyl-N’-p-tolylacetamidine. 
2= 9.o-Spdssupeheantbensieninactte. 12 = NN-Diphenyl-N’-0-tolylacetamidine. 
3 = 2-o-Aminophenylbenziminazole. Fic. 7 


Fic. 5 1 = N-Phenyl-N’-methylbenzamidine. 
= & 2 = NN’-Dip phenylbenzamidine. 
Glyoxaline. 3 = N-Phenyl-N’-o-tolylbenzamidine. 
: 4: 5-Trimethylglyoxaline. 4 = N-Phenyl-N’-m-tolylbenzamidine. 
: 6- -Diphenylglyoxaline. § = N -Phenyl-N ’-p-tolylbenzamidine. 
: §-Diphenyl-2-methylglyoxaline. 6 = Triphenylbenzamidine. 
: 4: 5-Triphenylglyoxaline. Fic. 8 
-Benzeneazoglyoxaline. =. S 
sidine (2-methyl-4 : 5-dihydroglyoxaline). 1 = NN’-Diphenylguanidine. 
-o-Hydroxyphenyl-4 : 5-diphenylglyoxaline. 2 = NN’N”-Triphenylguanidine. 
: 5-Diphenyl-1-methylglyoxaline. 3 = NNN’N”-Tetraphenylguanidine. 


l= 
2= 
3= 
4= 
56 = 
6 = 
i= 
8= 
9= 


An attempt to engage the imino-hydrogen atom of the glyoxaline nucleus in chelate 
ring-formation by substituting a suitable electron-donor group in a position adjacent to 
it was not successful in suppressing the association. For instance, 2-benzeneazoglyoxaline 
is sparingly soluble in naphthalene and highly associated, and there seems little doubt that 
no chelate ring is in fact formed. On the other hand, a comparison between 2 : 4 : 5-tri- 
phenylglyoxaline (XII; R = R’ = Ph, Curve 5) and 2-(o-hydroxypheny]l)-4 : 5-diphenyl- 
glyoxaline (XIV; Curve 8) shows that the latter, by its higher solubility and its flat curve, 
is rightly ascribed a chelate structure. 

In conclusion, it should be stated that the tautofMric character of the glyoxalines 
(and therefore the equivalence of the 4- and the 5-position) is well authenticated, with the 
single exception of the reported isolation of 2: 4- and 2: 5-diphenylglyoxalines (Burtles 
and Pyman, J., 1923, 128, 361). These authors do not give very convincing evidence of 
the isomeric relationship of this pair, and there seems little doubt that, in reality, they 
are polymorphs (see Weidenhagen and Hermann, Ber., 1935, 68, 1957). 

Amidines (Figs. 6 and 7).—Although they were at first the primary object of this 
investigation, the amidines, probably by reason of their basic character, exhibit molecular 
association far inferior to that of either the benziminazoles or the glyoxalines. Indeed, 
had it not been for an examination of these cyclic analogues, the association of the 
amidines might have escaped recognition. However, when their association factors are 
plotted on a very much enlarged scale, the slopes of the association—concentration curves 
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show that they fall distinctly into the two expected classes, those having a free imino- 
hydrogen atom (as in I) being mildly associated, and those without (7.e., N-trisubstituted 
amidines) being unassociated. 

Although this is true of the acetamidines (I ; CR = CMe), the distinction between 
the two classes in the case of the benzamidines (I; CR = CPh) is not nearly so sharp, 
and becomes almost submerged in the general tendency (shown by all classes of associated 
compound) for the association factor to diminish with rise of molecular weight. However, 
the results expressed in Fig. 7 show that, even if there is no sharp division into two 
distinct classes, it is true to say that the benzamidines possessing a free imino-hydrogen 
atom give curves of greater slope than that in which this hydrogen is replaced by an 
aryl group. 

Guanidines (Fig. 8).—By regarding guanidines (XV) as amino-derivatives of the amid- 
ines, we were led to examine the molecular condition of a few of these compounds in 
naphthalene solution. From the slope of the curve obtained (Fig. 8, Curve 1) for NN’- 
diphenylguanidine (XV; R= Ph) it is clear that this substance is highly associated, 
and it would seem, by analogy with the amidines and their cyclic analogues, that this 
association is again a hydrogen-bond phenomenon. Experimental proof of this by methods 


NR:C(NH,)‘NHR NHR-C(NHR):NR’ NR:C(NHR):NHR’ 
(XV.) (XVI.) (XVII.) 


similar to those which have been applied to other compounds containing the N-H-N 
bond is not possible, for this would involve a comparison between guanidines possessing a 
free imino-hydrogen atom and those in which all five imino-hydrogen atoms have been 
replaced. Fig.8 shows that even in the tri- and tetra-substituted guanidines the association- 
concentration curves have so ‘diminished in slope as to warrant the inference that 
association is absent. Evidently the very large increase in molecular weight consequent 
on these numerous substitutions has the effect (as in other compounds) of overcoming any 
tendency to molecular association, and it therefore becomes impossible to distinguish this 
effect from that resulting from the replacement of the hydrogen atoms. 

In view of the general similarity between guanidines and amidines, it is with some 
surprise that we note the reported isolation (Sieg and Dehn, J. Amer. Chem. Soc., 1940, 
62, 3506) of a dozen pairs of isomeric NN’N’’-trisubstituted guanidines corresponding to 
(XVI) and (XVII). Even if the mechanism of interchange of virtual tautomers advocated 
in the present series of papers (Hunter, Chem. and Ind., loc. cit.) were inoperative in the 
guanidines, their synthesis in the presence of mineral acid would surely give rise to a 


® ® 

guanidinium ion, NHR-C(NHR):-NHR’ == NHR:C(NHR)-NHR’, common to both tauto- 
mers, and would thus effectively prevent any separation. Moreover, the thiourea method - 
of synthesis of the substituted guanidines employed by Sieg and Dehn frequently leads, 
in our experience, to products obstinately retaining impurities. 

In the following tables concentrations are expressed as g.-mols. x 10-*/100 g. of 
solution, the formula weights appearing in parentheses; M is the apparent molecular 
weight deduced according to the ideal-solution laws; and: the association factor («) is 
calculated as the ratio of M to the formula weight. The cryoscopic solvent is naphthalene. 


To avoid congestion in Fig. 6 a few of the amidine curves (as indicated in the tables) are 
omitted. 


Fig. 1. ‘ Concn. M. a. Concn. M. 


Benziminazole (118) 0-19 125 ~=1-06 2-Ethylbenziminazole 0-775 173 

(Curve 1) 0-51 141 =1-195 6) 1-12 192 

1-13 168 1-42 1-45 210 

166* 195 1-65 1-73 226 

=< 1-96 238 

2-Methylbenziminazole 0-54 152 1-15 2:23 * 249 
(132) 1-47 200 381-52 
(Curve 2) : 2-17 236 =:1-79 
2:96* 274 2-07 


* Solute separates at higher concentrations, 
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Fig. 5. 
Glyoxaline (68) 
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Fig. 6 (contd.) Concn. M. 
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Solute separates at higher concentrations. 


EXPERIMENTAL, 


The solvent naphthalene was the specially purified product for cryoscopic use, obtained 
from the British Drug Houses. The following new compounds were prepared in the course of 
the investigation. 

N-Phenyl-N’-8-naphthylacetamidine, prepared from aceto-$-naphthalide and aniline by the 
method of Sidiki and Shah (J. Univ. Bombay, 1937, 6, Part II, 132), was produced as an oil 
which slowly solidified in the ice-box. It crystallised from aqueous alcohol as small, yellowish 
crystals, m. p. 86° (Found: N, 10-6. C,,H,,N, requires N, 108%). NN’-Diphenyl-N-methyl- 
acetamidine was prepared similarly from acetanilide and methylaniline. The oily product was 
extracted with ether, dried, and fractionated. The fraction, b. p. 320—324°, slowly solidified 
in a desiccator as a white solid, m. p. 83° (Found: N, 12-8. C,,H,,N, requires N, 12-5%). 

N-o-Tolyl-N’-p-tolylacetamidine, prepared from aceto-p-toluidide and o-toluidine, formed 
long white needles from alcohol, m. p. 143° (Found: N, 11-7. C,sH,,N, requires N, 11-8%). 
N-m-Tolyl-N’-p-tolylacetamidine, prepared from aceto-m-toluidide and #-toluidine, formed 
clusters of small white needles from aqueous alcohol, m. p. 79° (Found: N, 11-7%). 

NN-Diphenyl-N’-o-tolylacetamidine, prepared from aceto-o-toluidide and diphenylamine, 
formed stout white needles from aqueous alcohol, m. p. 100° (Found: N, 9-5. C,,HygN, 
requires N, 9-3%). 

The following had m. p.’s differing from those given in the literature: NN’-Diphenyl- 
benzamidine, m. p. 147° (lit. 144°); N-phenyl-N’-p-tolylacetamidine, m. p. 93° (lit. 90°). 
4 : 5-Diphenyl-1-methylglyoxaline, prepared by methylation of 4: 5-diphenylglyoxaline with 
methyl sulphate, formed large rhombs from aqueous alcohol, m. p. 168° (Found: N, 11°8. 
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Calc.: N, 12-0%); Pinner (Ber., 1902, 35, 4139) gives m. p. 147°. 2-0-Hydroxyphenylbenz- 
iminazole, white platelets, m. p. 233° (Found: N, 13-2. Calc.: N, 13-3%); Hiibnmer and 
Mensching (Amnalen, 1881, 210, 345) give m. p. 222-5°. 2-o-Nitrophenylbenziminazole, pre- 
pared by the method of Weidenhagen (Ber., 1936, 69, 2263), formed pale yellow needles, m. p. 
261° (Found: N, 17-2. Calc.: N, 17-6%). Weidenhagen gives m. p. 190—193°, but Walther 
and v. Pulawski (J. pr. Chem., 1899, 59, 261) give m. p. 263°. 
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140. Qualitative Semimicro-analysis with Reference to Noyes and 
Bray's System: The Copper and the Tellurium Group. 


By CHRISTINA C. MILLER. 


A scheme of analysis differing from that of Noyes and Bray is presented for the 
detection and approximate estimation of 0-25—50 mg. of bismuth, cadmium, or 
copper, 0-25—10 mg. of molybdenum, rhenium, iridium, rhodium, or tellurium, and 
0-25—2 mg. of lead, in mixtures containing a maximum of 50 mg. referred to the metals. 
Tellurium is precipitated as the element, and confirmed by means of calcium hypo- 
phosphite. In separate portions of the residual solution molybdenum and rhenium are 
converted into their complex thiocyanates, rhodium is reduced by means of stannous 
chloride, iridium oxidised to a blue compound, copper precipitated as copper zinc 
mercury thiocyanate, and bismuth detected with thiourea. Lead and cadmium are 
separated from the other metals, and confirmatory tests with sodium rhodizonate and 
p-nitrobenzenediazoaminoazobenzene (‘‘ cadion’”’) applied. Throughout, full atten- 
tion is paid to the possible interfering effects of group contaminants. 


ScHEMES of semimicro-analysis for four groups of Noyes and Bray’s system (“ A System of 
Qualitative Analysis for the Rare Elements,” 1927) have recently been submitted by Miller 
and Lowe (J., 1940, 1258, 1263) and Miller (this vol., p. 72). The extension of the methods 
to the copper and the tellurium group, which have been analysed on the micro-scale by 
Alstodt and Benedetti-Pichler (Ind. Eng. Chem., Anal., 1939, 11, 294), is now described. 

In Noyes and Bray’s scheme, the perchloric acid-containing filtrate from the precipitate 
composing the thallium group is, after suitable preparation, treated under carefully con- 
trolled conditions of acidity with hydrogen sulphide, so as to precipitate essentially the sul- 
phides of bismuth, cadmium, copper, iridium, rhodium, tellurium, molybdenum (carried 
through to this group by phosphate), and lead in small quantity escaping precipitation in 
the thallium group. Kao and Chang (J. Chinese Chem. Soc., 1934, 2, 6) have since reported 
that rhenium should be included in these groups, and have prescribed conditions for its 
detection. Accordingly, provision has been made for the detection and approximate 
estimation, in mixtures, of all these metals within the limits set forth in the summary. 

The scheme presented, which is for the combined groups, differs in several respects from 
that of‘Noyes and Bray. For instance, after the removal of tellurium, six metals are separ- 
ately tested for in portions of the solution. For the detection and estimation of lead and 
cadmium it has, however, been found necessary to separate them from the other metals, 
and from each other, by a method differing only slightly from Noyes and Bray’s. Attention 
is directed to the important use made of organic solvents, in testing for rhodium, iridium, 
rhenium, and molybdenum, and to the simplicity and directness of application of most of 
the tests, even in the presence of metals, not normally components of the groups, that may 
be carried down on the semimicro-scale to the extent of a few tenths of a mg., ¢.g., arsenic 
and indium especially, selenium, germanium, antimony, tin, zinc, and titanium, or in traces 
(<100y), ¢.g., cobalt, nickel, gallium, iron, mercury, platinum, and tungsten (cf. Noyes 
and Bray, op. cit., pp. 134—136, 292, 306—309, 375—377). 
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EXPERIMENTAL. 


Preparation of the Group for Analysis.—Mixtures containing sodium tellurite, sodium molyb- 
date, potassium perrhenate, the chlorides or nitrates of the other metals, a little nitric acid, 
and 0-35 ml. of 9Nn-perchloric acid were evaporated as far as possible on the steam-bath in 


Copper and Tellurium Groups. 


rae. Sulphides of Te, Cu, Bi, Rh, Ir, Re, Mo, Pb, and Cd. Dissolve this as far as possible in hot, concentrated HCl, and then 

a little heneedh If a dark precipitate is left, separate it, and heat it gently with aqua regia until only S remains (1). Add to 
the combined solutions 20 mg. of NaCl, and evaporate to dryness in a 3-in. tube, using an air current (2). Take up in 0-5—1 ml. 
of concentrated HCl, saturate in the cold with O,, and, if necessary, remove remove §e. Dilute with water to make 2-7 in HCl, and 
resaturate with SO,. Heat to coagulate Te (15 mins.), and separate and wash it twice with n-HCl. (3) 

Precipitate. Black | Solution. Gute ~ ry on Cd, IrTl, and Rh1I chlorides, perrhenate, and molybdate. E rate just to 
Te. Estimate if INO, b 


of concentrated HNO, , and re-evaporate to oxidise. Expel HNO, by evapor- 
To — 4 yrs aot rt od with ‘oln 1 ml. of or hac, take up in 1—2 mi. of 6n-HCl, and examine portions as follo 











(a) Test es | b Be Cu. Add water to make 0-05 pad 0-05 td hs 10% aq. NH,F, 0-05 ml. of 0- rei and 
stir. 


y add 0-05 ml. of ammonium me t (30 g. of HgCl, and 33 ‘of NH,SCN 
in 100 a of water). A violet or almost black x paecieltaed peas Cu. Compare with stan ot) 


(b Test 12% for Bi in 4-0-5 ml. of cold, 1—2x-HNO,, adding 0-05 ml. of 10% aq. NHF, and solid thiourea 


A yellow solution shows Bi, Estimate. If a maximum excess of Rh interferes by giving a 
water, and heat pinkish-brown colour, test for Bi after the 


with an excess of 








ky so oe oo. Make up to 0-5 ml. in 6n-HCl, add 0-1 ml. of m-SnCl, in 6n-HCl, and heat for 1 min. 
cool, extract with 0-5—2 ml. of #-butyl acetate, and, if a a ester layer 

pare a black pre- ph A ey PN ys pm Bey ee Next add 0-2 ml. of 6n-HCl to the ester layer, 

cipitate of Te with just sufficient hyperol to discharge the yellow colour. P until effervescence ceases, re- 

standards. (4) as above, and com a yellow ester la which shows Rh, with standards. If Pt may contaminate, 


yer, W 
soperate the ester layer, a aad 6n-HCl and 0-005 ml. of “thioglycollic acid, and shake the mixture for 10 
secs. 








(ay Test 10% for Ir. If Rh is present add 0-5 ml. of concentrated HCl, heat, and add a little hyperol to oxidise Ir fully. Cool, add 
again, and water tomake 1 ml. Extract once with 1 ml. of isoamy! Evaporate the alcoholic ar to dryness =] 
oa heat the residue with nt ye and ae 5 ml. of concentrated H,SO,, until strong fuming occurs. Add ~20 mg. 
NO, at intervals, with con g, until a maximum blue- le colour showing Ir has developed. Cool, and 
compare with standards. Double the pcb men et If Rh is absent omit the initi oxidation and partial (50%) extraction of IrCl,, 
and oxidise directly with NH,NO, in H,SQ,. 





(e) Test 10% for Re. Add water to make n in HCl, and extract twice with the same volume of isoamyl alcohol. Wash the com- 
bined extracts with 0-2 ml. of n-HCl. Add 1 ml. of ca. 12N-HCIl, 0-02 ml. of m-SnCl, i in 6n-HCl, and 10—20 mg. of KSCN. Shake, 
leave for a few mins., and, if the alcohol layer is coloured, se te it, and add to it again 1 ml. of 12n-HCl. Heat for 1 min. A 
completely miscible, yellow solution shows Compare wi similar standards. (9) 

A rat 10% for Mo. Make up to 1 ml. in n-HCl, add 0-005—0-01 ml. of thioglycollic acid, and, after 2 mins., 20—40 mg. of KSCN. 

If Cu is present ensure its complete ipitation as white CuSCN, and then the full development of a yellow or red colour that may 
be due to Mo. Remove the precipitate, wash it with 0-1 ml. of. n-HCl, and extract the solutions with n-butyl acetate. Compare 
an orange-red or red ester layer, w shows Mo, with similar standards. Should the interference of iron be suspected confirm Mo 
by means of toluene-3 : 4-dithiol, see (10). 











(g) Test +0-5% for Cd. _ Add 4 times the volume of 2 and saturate with Rochelle salt. Spot thin, ashless filter paper, impregnated 
with p-nitrob , with this solution, and then with an excess of 2n-NaOH. A pink colour shows Cd. 
Contaminating Hg may interfere. (17) 





(h) If Mo is present, or as an alternative to {f). extract 50% 2 or 3 times with the same volume of n-butyl acetate. Wash the com- 
bined extracts with a few drops of 6n-HC 


ro aN add the washings to the aqueous layer (11). If Mo has been tested for and found 
to be absent proceed immediately as follows. 





Ester layer. Contains queous layer. Contains ~ Fang Cu, Cd, Ir, and Rh chlorides, and perrhenate. Evaporate just to dryness, 
Mo, which is tested Aaa 0-02 ml. of o_= Ac, 0-5 ml. of water, and 0-5 ml. of 2m-NaNO,. Heat at 60—70° for 5 mins., 
for if necessary. cool, and add dropwise, bi constant stirring, n-NaOH until red litmus paper is turned deep blue. Separate 

(10) and wash a precipitate with hot water. To the centrifugate add 0-25 ml. of ce and, if necessary, 

separate a small precipitate of PbCO,, and combine it with the other. (12) 








Precipitate. Mainly Pb, Bi, Cu, and Cd h xides. Dissolve in 0-2 ml. Semaine i, ont 
0-3 ml. of water. Reprecipitate with concentrated NH,OH, added 3—4 
in excess are present. Separate and wash a precipitate with 0- 1n-NH,OH. (13) 


Precipitate. Pb(OH), and Bi(OH),. If Biis >1 mg., dissolve the | Solution. Contains Lye and Cd(NHj), 
precipitate in a minimum amount of HNO,, and add water to with solid KCN, and gk H,S for 30 secs. to 
make 1 ml. Precipitate BiONO, in the *cold with NH,OH CdS, of which a large 
(finally 0-1n), until thymol-blue present as an indicator just precipitate i is very te, making 
turns yellow. Wash the precipitate with water. Omit the presence of Cd doubtful, or cnnutenent difficult, digest it at the 
precipitation if Bi is <1 mg. (14) p. with w-HCl, and reject a small dark precipitate. Evapor- 


ate the solution to dryness, and follow (a) or (6), using the latter 
Precipi Solution. Contains Pb(NO,), and a little Bi(NO,),. if the presence of Cd is uncertain. (16) 


Bi NO,. * Evaporate to dryness and = NH, salts (hot 
Reject. late). Dissolve the residue in ~}0-5 ml. of 2N- | (a) Take up in a small volume of 0-25n-HCI, and pass H,S in the 
NO,, and add to the cold solution < the same cold. Estimate yellow CdS. 
pare oR bmn = See at Ey n-HNO,). Stir 
ety, conto, 28 ve) Co eee pee (®) Take up in 1 ml. of water or less, and place 0-01 ml. of the 
with a little cold ethyl alcohol. it in‘water, add fresh, 
saturated 0, eels sodium . mate in encase, and —_ . solution on thick, drop reaction pa sa ae NaOH to’ diffuse 
a reddish- precipitate, which shows t centrally over the spot, at a slow rate, until the periphery is 
pam mn Finally, to the separated precipitate, without y - : 
stirring, a drop of 2n-HCl. A blue-purple colour confirms the violet. A pink spot shows Cd. Estimate. (17) 
presence of Pb. a 5) 


ee ee 5 
































788 Miller: Qualitative Semimicro-analysis 


tubes, 3’”” x ?”, over which a current of air played. Finally, the tubes were placed to a depth of 
3”’ in a metal block, and heated until the temperature of the liquid just exceeded 200°. 2-5 MI. 
of water were then added to the cold solutions, the acidity was adjusted, and the metal sulphides 
were precipitated and washed, essentially as prescribed by Noyes and Bray, but on one-tenth of 
their scale. The final heating under pressure for an hour at 100°, in a solution 4-5n in acid, was 
conducted in a 15 ml. centrifuge tube, closed with a rubber stopper, and fixed in the frame of a 
150 ml. pressure bottle. Rhenium(VII) sulphide was satisfactorily precipitated under these 
conditions (cf. Geilmann and Weibke, Z. anorg. Chem., 1931, 195, 289). The subsequent analysis 
of the group was in accordance with the tabulated scheme. The figures in parentheses are 
referred to in ‘‘ Notes on Methods and Tests.” 


Notes on Methods and Tests. 


The experimental technique was referred to by Miller and Lowe (loc. cit.). Vigorous shaking 
and brief centrifuging always preceded the separation of two liquid layers. One layer was then 
simply and effectively withdrawn, mouth suction being used, by means of a pipette prepared 
with a 12 cm. capillary part of 14 mm. diameter bent at an angle of 120° to the main body af 
6 mm. diameter and 20cm. length. All evaporations were done on a steam-bath, and heatings 
by inserting tubes in boiling water, except where otherwise stated. Organic solvents were 
fractionated. 

Note 1. Hyperol (Booer, J. Soc. Chem. Ind., 1925, 44, 1137) in association with hydrochloric 
acid readily dissolved most of the sulphides, including rhenium sulphide. Iridium sulphide 
required aqua regia. 

Note 2. Sodium chloride was added to ensure the retention of rhenium (cf. Kao and Chang, 
loc. cit.). Tellurium chloride was partly volatilised if the solution was evaporated in a basin. 
The method adopted was adequate. 

Note 3. The separation of tellurium was necessary, because it adversely affected the tests 
for a few of the other group components, and its own confirmatory test required the absence of 
large excesses of certain metals. 

Note 4. The reduction with hypophosphite proceeds in 6n-hydrochloric acid, and by heating 
at 450° no interference from arsenic can occur (Challis, Analyst, 1941, 66, 58). At least 10y 
of tellurium were detectable in the presence of large excesses of all the group components, except 
rhodium, iridium, and molybdenum, of which only 10-fold excesses were permissible, and of all 
the group contaminants (see p. 786) except selenium. Many other metals might also be present. 

Note 5. There is an abundance of tests for copper. That prescribed (Montequi, Anal. Soc. 
Fis. Quim., 25, 52, through Chem. Zentr., 1927, I, 2453) was very reliable and selective, and its 
application in distinctly acid solutions was a great advantage. Straumanis and Ence (Z. 
anorg. Chem., 1936, 228, 334) showed that all the copper is involved in the formation of mixed 
crystals (violet), when about twice as much zinc as copper is present. In order to render the test 
suitable for estimations, it was necessary to use a constant amount of zinc, at least twice as great 
as the maximum amount of copper anticipated, and sufficient ammonium mercury thiocyanate 
to ensure its complete precipitation. Under the conditions given, which precluded serious inter- 
ference with the bulk, and therefore the colour of the precipitate by other (e.g., cadmium) mercury 
thiocyanates, 1—500y of copper was capable of assessment, the colour ranging from pale 
heliotrope, through violet, to black. It was immaterial whether the copper solution contained 
dilute acetic or mineral acid, and the acid concentration was not critical. 5 Mg. of ammonium 
fluoride, added before the thiocyanate reagent, effectively prevented the similar reaction of 500y 
. of iron(III) without appreciably influencing the test for copper. The group components, and 
many other metals, did not interfere, unless by giving coloured solutions (e.g., rhodium) which 
could be removed. There was practically no interference from the small amounts of other 
metals that might contaminate the group. For instance, cobalt and nickel, which were most 
liable to interfere, did not prevent the detection of the same, and 10 times the amount of copper, 
respectively. Cobalt rendered the estimations more difficult. 

Note 6. This selective test was used in analysing the thallium group (Miller, loc. cit.). 
Towards tellurium and antimony, which also give yellow colours, the reagent was respectively 
25 and 100 times less sensitive. Fluoride, in moderate amount, without affecting the detection 
of bismuth, quenched the reaction of antimony, but not that of tellurium, hindered a slow 
formation of molybdenum blue, and prevented a violet colour duetoiron. 200yof iridium gave 
in the cold the equivalent of < ly of bismuth. Rhodium, which gave a brown colour in hot 
solutions, did not seriously influence the test in the cold, except when its maximum amount 
rendered uncertain the detection of a minimum amount of bismuth, The latter had then to be 
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detected in conjunction with lead, following the removal of rhodium as its complex nitrite. 
The remaining group components and the likely contaminants did not interfere, provided that 
an excess of thiourea was used. At higher concentrations of bismuth Beer’s law was not 
followed, and a comparison with several standards was advisable. 

Note 7.: The tests for rhodium and iridium (Note 8) represent the final results of an investiga- 
tion undertaken to improve the methods of detection used in the gold group (Miller and Lowe, 
loc. cit.). Alstodt and Benedetti-Pichler (loc. cit.) applied the stannous chloride reduction test 
of Iwanow (J. Russ. Phys. Chem. Soc., 1918, 50, 460, through Chem. Zenir., 1923, IV, 135) to 
rhodium, after a somewhat lengthy scheme of separations that has been found unnecessary. 
The following are the salient features of the present method. The rate of reduction of rho- 
dium(III) chloride with stannous chloride in hydrochloric acid solution, to form an orange- 
brown solution, increased with increasing acid concentration, and the reaction was virtually 
complete in 1 min. in 6N-hydrochloric acid at 100°. Rhenium and molybdenum gave brown 
solutions, and iridium a yellow-brown solution, 50 times less intense than that for rhodium. 
From 6n-hydrochloric acid n-butyl acetate extracted neither the rhenium nor the molybdenum 
reduction product, and very little iridium, whereas the reduction product of rhodium was 
readily removed from 4—6n-acid solutions. < 5y of rhodium were detectable. 

In the systematic analysis of mixtures, generally containing both iridium and molybdenum, 
there was sometimes produced in the ester a brown colour due to iridium. The only effective 
means of eliminating it was to reoxidise and repeat the reduction as outlined. A large number of 
metals were without influence on the test. When other reducible substances were present it 
was essential to use sufficient stannous chloride (0-1 ml. of fresh m-SnCl,) to ensure their full 
reduction, as well as that of rhodium. The only contaminant of the group (see p. 786) that behaved 
like rhodium was platinum. The final treatment with thioglycollic acid eliminated the colour 
due to ¢25y of platinum. 

Note 8. The test for iridium with sulphuric and nitric acid, as formerly applied, was inade- 
quate in the presence of the larger excess of rhodium encountered here. The method now pre- 
scribed separated 50% of the available iridium(IV) chloride from rhodium(III) chloride. The 
reliability of the test was enhanced by the substitution of solid ammonium nitrate for nitric acid 
(cf. Riidisiile, ‘‘ Nachweis, Bestimmung, und Trennung der chemischen Elemente,” 1916, vol. 
IV, p. 40). As 10 mg. of lead, bismuth, copper, or cadmium, ¢2 mg. of molybdenum, rhenium, 
or tellurium, and ¢50y of any other metal that might contaminate the group did not prevent the 
detection of 10y of iridium in 0-5 ml. of sulphuric-acid, the isoamyl alcohol extraction was 
resorted to only when rhodium was present, Colour comparisons of large amounts of iridium 
were best made in test tubes, with a concentration of iridium >250y per ml. 

Note 9. The formation of the yellow complex thiocyanate of rhenium, probably ReO(SCN),, 
in hydrochloric acid solutions, by reducing ReV™ to Re¥! with stannous chloride in the presence 
of potassium thiocyanate (Geilmann, Wrigge, and Weibke, Z. anorg. Chem., 1932, 208, 217; 
Hurd and Babler, Ind. Eng. Chem., Anal., 1936, 8, 112) afforded a convenient and sensitive test 
if the interference of molybdenum and rhodium could be prevented. It was found that the 
proportion of rhenium(VII) extracted by isoamyl alcohol, from hydrochloric acid solutions, 
diminished only slightly as the acid concentration decreased. For example, in n-acid the 
procedure given effected the removal of ~90%. Molybdenum was correspondingly extracted 
to the extent of 5%, and rhodium very slightly. The rate of formation of the rhenium-thio- 
cyanate complex greatly increased as the concentration of hydrochloric acid increased, the best 
results being obtained when ca. 12N-acid was added with the reagents to the alcohol layer. This 
acid simultaneously enfeebled the reaction of molybdenum (cf. Hiskey and Meloche, Ind. Eng. 
Chem., Anal., 1940, 12, 503). The effect of a large amount of molybdenum might not be fully 
eradicated, but a second treatment with 12n-hydrochloric acid and brief heating were remedial. 
The test outlined permitted the detection of 5y of rhenium in association with all the group 
components, except tellurium, in their maximum amounts, and at least 100-fold excesses (tung- 
sten, 10-fold) of the recognised group contaminants (see p. 786), except selenium, which had to be 
absent. 1 Mg. of rhodium gave the equivalent of ~3y of rhenium. 

Note 10. For the detection of molybdenum as its complex thiocyanate Miller and Lowe 
(loc. cit.) used thioglycollic acid and potassium thiocyanate. Although these gradually reacted 
with rhenium, giving a dark brown colour, the interference of rhenium could be avoided by using 
a solution of low acidity at room temperature, and extracting molybdenum thiocyanate soon by 
means of n-butyl acetate. Fora satisfactory extraction it was impracticable to have the acidity 
<n. At least 5y of molybdenum were detectable in association with «1000-fold excesses of 
lead, bismuth, copper, and cadmium, and 200-fold excesses of the remaining group components, 
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including tellurium, and all the likely group contaminants (see p. 786), except titanium, of which 
a 10-fold excess was permissible, and iron. Finely-divided cuprous thiocyanate was removed 
before the extraction, with which it interfered. 

The interference of iron was more troublesome. It behaved as follows. 50y in 1 ml. of 
n-hydrochlori¢ acid gave, on the simultaneous addition of thioglycollic acid and potassium thio- 
cyanate, a red-brown colour, which changed to a deep purple-red that was extracted by »-buty] 
acetate. If the iron solution were left in contact with thioglycollic acid for «2 mins., before 
the addition of potassium thiocyanate, no red colour appeared in the aqueous solution, but, on 
the addition of the ester, a light violet-pink colour developed in it, and did not change appreciably 
in 10 mins. In order to obtain this paler colour it was essential to add the ester last. Iron in. 
such an experiment did not prevent the detection of at least a similar amount of molybdenum,, 
but caused it to be over-estimated. Normally, contaminating iron will be masked by the pro- 
cedure given. The interference of iron could be eliminated entirely by heating the contaminated 
ester solution containing molybdenum thiocyanate with 1 ml. of n-hydrochloric acid and 
2—3 mg. of toluene-3 : 4-dithiol. The intense green “ dithiol ’’ complex of molybdenum was: 
produced (see Miller, this vol., p. 792), and even 500y of iron were decolorised. 

Note 1l. mn-Butyl acetate was preferred to ether (see Noyes and Bray, op. cit.). The removal! 
of molybdenum was effective, e.g., 95% for 10 mg., if 3 extractions were made, the extraction of 
other metals, except rhenium (ca. 25% removed), was negligible, and the ester solution could 
be immediately utilised, if desired, to detect molybdenum (see Note 10). 

Note 12. This process of Noyes and Bray did not give an entirely satisfactory separation of 
iridium and rhodium, although a more dilute solution of sodium hydroxide was used. However, 
only lead and cadmium remained to be tested for, by methods that were not adversely affected 
by small quantities of the other metals. 

Note 13. For the subsequent detection of lead by means of thiourea and sodium rhodizonate 
it was necessary to separate it in the form of lead nitrate from appreciable amounts of copper 
and bismuth. The dissolution of the hydroxides in hydrochloric acid, and reprecipitation with an 
excess of ammonia readily removed copper and cadmium, leaving the bismuth associated with 
the lead. 

Note 14. A quantitative separation of bismuth from lead was not required. The gradual 
reduction of the acidity until the p, was 2—3 removed nearly all the bismuth and left in solution 
the small amount of lead normally present. 

Note 15. This process has been described for the thallium group (Miller, Joc. cit.). Asa 
small volume of solution was essential for the precipitation of the thiourea complex of a minimum 
amount of lead, and high concentrations of the other group components might lead to their 
partial precipitation (e.g., copper, bismuth, and rhodium), or hinder the precipitation of the lead 
complex (e.g., iridium and rhodium), a more direct application of the thiourea test was not 
feasible. The formation of a small precipitate with thiourea was not confirmatory for lead, 
but no other group component or contaminant reacted with sodium rhodizonate and hydrochloric 
acid in the same manner as lead. 

Note 16. Noyes and Bray precipitated cadmium sulphide thus, dissolved it in 1-2N-sulphuric 
acid, and reprecipitated it in the diluted (0-3N) solution. N-Hydrochloric acid was preferred, 
as its easy removal facilitated the reprecipitation of cadmium sulphide in a small volume of 
solution, and provided a neutral solution for the application of the “‘ cadion ”’ test (see Note 17). 

Note 17. For the detection of cadmium there is probably no reagent as sensitive and selec- 
tive as p-nitrobenzenediazoaminoazobenzene, “‘ cadion ’’ (see Hopkin and Williams, “‘ Organic 
Reagents for Metals,”’ 1938, p. 85). When a slightly acid solution, saturated with Rochelle salt 
to prevent the subsequent precipitation of certain metallic hydroxides (e.g., of copper, iron, etc.), 
was spotted on thin, dry, ashless filter paper, previously impregnated with a 0-05% solution of 


cadion in alcohol and acetone (9: 1), and then with 2N-sodium hydroxide in excess, a pink spot: 
resulted if cadmium was present. Cadmium was detected thus in a 0-005% solution with. 
+*1000-fold excesses of lead, bismuth, and copper; 100-fold excesses of all the other group. 
components and contaminants, except mercury which itself gives a salmon-pink spot; and many 
other metals. Consequently, in the absence of contaminating mercury, cadmium could be: 
detected in a minute portion of the solution of the group. If no pink spot was observed it was: 
unnecessary to examine further for cadmium. This test cannot be used for determining: 


cadmium save in neutral solutions free from other metals. 


When the rate of reaction with sodium hydroxide of 0-01 ml. of a neutral cadmium chloride: 


solution spotted on drop reaction paper (Whatman, No. 120, “‘ double thickness ’’), impregnated: 
with cadion, was controlled by allowing the dilute hydroxide to diffuse very slowly out of a burette: 
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like that of Clarke and Hermance (Ind. Eng. Chem., Anal., 1937, 9, 292), pink spots, related in 
size to the concentration of the cadmium, were obtained. Thus one sheet of paper gave 7}, 
144, 19, and 244 mm. diameter spots for 0-01, 0-05, 0-1, and 0-25% solutions of cadmium (as 
chloride), respectively. For estimations the most desirable concentration range was 0-01— 
0-1%. Although the concentration of sodium hydroxide was not critical, the best results were 
obtained when it was between 0-1N and 0-2n. The size of the spots diminished if cadmium 
acetate replaced the chloride, and increased if, e.g., zinc chloride was also present: 0-05% of 
zinc caused the same amount of cadmium to be overestimated 5-fold. If more than a trace of 
zinc entered the copper and the telluritum group it would be necessary to use procedure (a) for 
the estimation of cadmium. 

Analysis of Mixtures.—Fifteen mixtures, mainly of unknown composition, were analysed to 
test the scheme. Nos. 1—5 contained only salts of the normal metallic components of the 
group. The solutions were evaporated to dryness with hydrochloric acid to remove nitrate, 
and analysed without the prior precipitation of the sulphides. Nos. 6—10, which were similarly 
analysed, contained, in addition, arsenic and indium (1 mg. of each), antimony, germanium, 
selenium, tin, titanium, and zinc (0-25 mg. of each), and cobalt, gallium, iron, mercury, nickel, 
platinum, and tungsten (0-05 mg. of each) (see p. 786). In nos. 11—15 precipitations with hydro- 
gen sulphide were conducted in solutions containing the normal group components and’ 10 mg. 
quantities of other metals that might be present in systematic analyses, and exert an influence, 
if inadvertently brought into the group by a faulty precipitation. Thus nos. 11, 12, and 15 
contained nickel, cobalt, and zinc, respectively; no. 13, chromium, iron, and titanium; and no. 
14, gallium andindium. In addition, nos. 11, 14, and 15 contained, respectively, 5, 10, and 0-5 
mg. of phosphoric acid. The results shown in the table are the estimated weights in mg. of the 
group components found. Where these differed from the actual amounts taken the latter are 
shown in parentheses. 
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In general, the results are satisfactory. Particularly good are the estimations of bismuth 
and copper, which, with the exception of that for bismuth in no. 12 (rhodium interfering), 
were made on 1—2% of the solution. Cadmium was estimated in every experiment by means 
of cadion (first estimate shown) as well as on the bulk of the first (Cd >5 mg.) or second (Cd 
<5 mg.) sulphide precipitate (second estimate shown). The first estimations are surprisingly 
good, considering that in, e.g., no. 4 the final test was made with 0-05% referred to the original 
solution. It is possible that compensating errors (see Note 17) caused the estimations made 
with cadion to be generally higher than those attributable to cadmium sulphide. Had cadion 
not been employed cadmium would have been missed in nos. 1 and 13. 

The detection of the smallest amounts of lead, and the estimation of corresponding amounts 
of cadmium, were less certain than for the other metals, mainly because losses were incurred in 
the various separation processes. Thus in no. 7 lead apparently escaped into the filtrate con- 
taining iridium, etc., because when the hydroxide-nitrite treatment was omitted, and a direct 
precipitation with an excess of ammonia made, 0-25 mg. was found. In nos. 1 and 7 cadmium 
seemed to be partly retained by the large precipitate of bismuth hydroxide. At present more 
direct tests suitable for estimations cannot be given. 

Nos. 6—10 show that small amounts of the common group contaminants did not influence 
the results. In nos. 11—15 the precipitation of the sulphides was successfully conducted. _The 
adjustment of the acidity before the precipitation was, however, difficult if the solutions were 
deeply coloured, and care was required. A means of improving on Noyes and Bray’s technique, 
using methyl-violet, has not been found, nor has any other indicator been found superior to 
methyl-violet. Neither molybdenum nor rhenium was detected in the group filtrates, but in 
nos. 11, 12, 14, and 15 the amounts of iridium in the filtrates corresponded closely to the amounts 
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by which the estimations were low. Noyes and Bray (op. cit., p. 377) refer to the incomplete 
precipitation of iridium. It is satisfactory that even the minimum amount under consideration 
was detected. 


The author is indebted to the Carnegie Trustees for a Teaching Fellowship, and to the 
Trustees of the Moray Fund for two valuable grants for the purchase of pure chemicals. 


THE UNIVERSITY, EDINBURGH, 9. [Received, July 4th, 1941.] 





NOTES. 


Preliminary Observations on the Behaviour of Rhenium and of the Complex Thiocyanates of 
Rhenium and Molybdenum with Toluene-3 : 4-dithiol. By Curistina C, MILLER. 


HAMENCE (Analyst, 1940, 65, 152) reported that molybdenum and tungsten form with 
toluene-3 : 4-dithiol (‘‘ dithiol’’) characteristic green complexes. Rhenium(VII) also forms a 
green complex very like that of molybdenum, but it differs from the latter in being decomposed 
by potassium thiocyanate. 

When one drop of a 1% solution of dithiol in N-sodium hydroxide was added to a hydrochloric 
acid solution (1 ml.) containing 5y of rhenium as perrhenate, no reaction was observed in the 
cold in 0-5N- or 2N-acid, but a pale green colour appeared soon in 11n-acid. Five mins.’ 
heating developed a very pale green colour in the 2N-acid, and did not affect the others. Under 
the same conditions 5y of molybdenum(VI) developed a green colour in 0-5N- and 2n-acid in 
the cold, and a paler green in 11N-acid. Heating developed all slightly. 5 of tungsten(V1), 
which yielded no colour in any acid in the cold, soon developed a blue-green colour in the 
weakest acid on heating, and none in the most concentrated. The rhenium complex, like those 
of molybdenum and tungsten, was readily soluble in organic solvents, ¢.g., n-butyl acetate, 
carbon tetrachloride, etc. Its colour in n-butyl acetate closely resembled that of the molyb- 
denum complex, but it was a purer green, with 4—4 of the intensity for the same weight of 
metal. 

The following interesting observation was made when the dithiol complexes of rhenium, 
molybdenum, and tungsten were produced by adding to hydrochloric acid solutions (1 ml.) 
0-25 ml. of n-butyl acetate and 2—3 mg. of dithiol, which dissolved in the ester. In the cold, 5y 
of rhenium showed a pale green colour in 11Nn-acid in 1 min., and, on heating, full colour 
development in 4 min. A feeble green colour was observed in 2N-acid on heating for 5 mins. 
Molybdenum and tungsten, which, in the absence of the ester, reacted least readily in concen- 
trated acid, now reacted in the cold, molybdenum showing full colour development in 20 secs. 
A pale blue-green colour due to tungsten required several mins.’ heating to reach its maximum 
intensity, which was, however, only one-half as great as that observed by adopting Miller and 
Lowe’s procedure (J., 1940, 1258) of gradually acidifying with phosphoric acid an alkaline 
tungstate solution containing dithiol. 

In experiments with solutions in n-butyl acetate of the well-known orange-red thiocyanate 
complex of molybdenum, Mo(OH),(SCN),, and the corresponding orange-yellow complex of 
rhenium, probably ReO(SCN), (Geilmann, Wrigge, and Weibke, Z. anorg. Chem., 1932, 208, 
217; Hurd and Babler, Ind. Eng. Chem., Anal., 1936, 8, 112), it was found that, if these were 
heated with hydrochloric acid and a little dithiol, the green dithiol complex of molybdenum 
was formed at once in concentrated acid, and, in a short time, in dilute acid. In acid ranging 
from 0-5 to 11N the colour of the ester layers containing rhenium showed no vestige of green, 
but a deepening to red-brown, which was probably associated with a reduction process. 
Conversely, when solutions of the green dithiol complexes of molybdenum, rhenium, and 
tungsten in -butyl acetate were heated with 2n- or 11N-hydrochloric acid containing 20 mg. 
of potassium thiocyanate, the rhenium solutions changed to dark brown, while those of molyb- 
denum and tungsten remained unaltered. This behaviour served to distinguish the rhenium-— 
dithiol complex from that of molybdenum. The dark brown substance, deposited from the 
ester solution on evaporation, also dissolved readily in carbon tetrachloride and benzene, but 
not in ethyl alcohol.—TuHeE University, EpinBurcu, 9. [Received, July 4th, 1941.] 
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The Identity of Hinsberg’s 0-Trisulphidobenzoic Acid Thioanhydride with Smiles and McClelland's 
2-Dithiobenzoyl. By ALEXANDER SCHONBERG and (Miss) AKILA MosTAFaA, 


HINSBERG (Ber., 1910, 48, 1874), by the pyrolysis of 2 ; 2’-dicarboxydiphenyl disulphide (II), 
obtained a substance which he regarded as o-trisulphidobenzoic acid thioanhydride (I). We 
find it to be identical with the 2-dithiobenzoyl (III) described by Smiles and McClelland (J., 


1922, 121, 86). 
on CO,H ¢ 
S 
& Si S°C O 


(I.) a ) (III.) 


We obtained 2-dithiobenzoyl, m. p. 77°, by the procedure of Smiles and McClelland (loc. cit.) 
(Found : C, 50-1; H, 2-5; S, 38-6. Calc. forC,H,OS,: C, 49-9; H, 2-4; S,38-1%). 

The preparation of this compound by the thermal decomposition at 280° of 2 : 2’-dicarboxy- 
diphenyl disulphide was carried out as described by Hinsberg (loc. cit.). The product was 
crystallised from dilute acetone and then steam-distilled. The crystals that separated from 
the distillate were distilled at about 200°/vac.; the pale yellow needles obtained had m. p. 77°, 
not depressed by 2-dithiobenzoyl (Found : M, cryoscopic in benzene, 162. Calc.: M, 168).— 
Fouap I University, Cartro. ([Received, September 26th, 1941.]} 





Studies in Aromatic Substitution. Part IV. The Action of Fuming Nitric Acid on 3-Fluoro- 
anisole and 3-Fluoro-2-, -4-, and -6-nitroanisoles. By HERBERT H. HopGson and JosEPH 
NIXon. 


FuMInG nitric acid (d 1-5) nitrates 3-fluoroanisole and also 3-fluoro-4-nitroanisole to give 3-fluoro- 
4: 6-dinitroanisole at both 0° and 50°; 3-fluoro-2-nitroanisole and 3-fluoro-6-nitroanisole 
each afford 3-fluoro-2 : 6-dimitroanisole at 0° but give 3-fluoro-2 : 4 : 6-trinitroanisole at 50°. 

The replacement of all three chlorine atoms by nitro-groups when 3-fluoro-2 : 4 : 6-trichloro- 
anisole is treated with fuming nitric acid at 0° (Hodgson and Nixon, J., 1930, 1870) therefore 
appears to be in the sequence 6-, 2-, and 4-. If the 4-chlorine atom had been replaced first, 
the reaction should stop with the formation of 3-fluoro-2-chloro-4 : 6-dinitroanisole. That 
6- rather than 2-chlorine is first replaced follows from analogy with 3-fluoro-2 : 4 : 6-tri-iodo- 
anisole, in which only the 6-iodo-substituent is reactive. 

General Procedure.—The substance (1 g.) was added gradually to ice-cold nitric acid (10 c.c., 
d 1-5) and the mixture was kept for 15 minutes and poured on ice; the resulting precipitate 
was washed free from acid and crystallised from 50% aqueous alcohol. 

3-Fluoro-4 : 6-dinitroanisole, obtained from 3-fluoroanisole or 3-fluoro-4-nitroanisole, or by 
the action of methyl iodide on the silver salt of 3-fluoro-4 : 6-dinitrophenol, crystallised in long 
colourless parallelepipeds, m. p.’s of each preparation and mixed m. p. 99° (Found: N, 13-1. 
C,H,O,N,F requires N, 13-0%). 

3-Fluoro-2 : 6-dinitroanisole, obtained from 3-fluoro-2-nitroanisole and also from 3-fiuoro- 
6-nitroanisole, crystallised in long colourless rectangular prisms, m. p.’s of each preparation 
and mixed m. p. 90° (Found: N, 13-1. C,H,O,N,F requires N, 13-0%). 


The authors thank Dr. D. E. Nicholson for making the micro-analyses and Imperial Chemical 
Industries (Dyestuffs Group) Ltd. for gifts of chemicals.—-TECHNICAL COLLEGE, HUDDERSFIELD. 
[Received, August 21st, 1941.] 





The Constitution of B-Boswellic Acid. By <é E. Stimpson and Grorce A. R. Kon. 


It has been suggested that the double bond of $-boswellic acid is situated in ring B, probably 
between C, and C, (partial formula I) (Simpson and Williams, J., 1938, 1712). Since the 
acid has been converted into a-amyrin (Ruzicka and Wirz, Helv. Chim. Acta, 1939, 22, 948), 
the position of the double bond in this compound has acquired an additional interest. 
It has recently been shown that one of the double bonds of bassic acid (partial formula II) 
is situated in position 6: 7 and can be made to migrate into the adjacent ring A when methyl 
3@ 
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bassate is oxidised with copper bronze; the resulting «f-unsaturated diketone (III) is readily 
recognised by its characteristic absorption spectrum (Kon and Heywood, J., 1940, 713) : 


CO,H 


CH,-OH N 
OH(! Gr a0 OK On 
Ye ) 


(I.) (II.) (III.) 


It was thought that 8-boswellic acid should undergo a similar change, giving rise to a ketone 
analogous to (III) but without the additional carbonyl group at C,. The reaction proceeded 
smoothly, giving an unsaturated ketone, m. p. 186°, [a]p + 182-6°, the spectrum of which 
showed no selective absorption in the region 2400 a. and its m. p. was not depressed by admix- 
ture of nor-8-boswellenone (m. p. 195—196°). The somewhat lower m. p. and higher rotation 
of the nor-$-boswellenone so obtained is attributable to the fact that we used $-boswellic acid 
of high rotation for its preparation (Simpson and Williams, loc. cit., p. 1719). It can be con- 
cluded that the expected migration of the double bond did not take place; the process now 
described constitutes a considerable improvement on the method of preparation of nor-f- 
boswellenone originally employed. 

The formation of a compound with conjugated double bonds would also be expected on 
elimination of water and carbon dioxide from 6-boswellic acid to form $-boswellyene (Winter- 
stein and Stein, Z. physiol. Chem., 1932, 208, 9; Beaucourt, Monatsh., 1929, 53/54, 897) : 


CO,H , 
Wa Va 
nee. e Osenrne 


We have prepared 8-boswellyene by the pyrgtysis of both the acid and its acetyl derivative, 
but the hydrocarbon formed did not posses$ the expected selective absorption. Actually, 
both it and nor-§-boswellenone were found to have some absorption in the region 2800 a., 
but the intensity of this was only of the order of Ej%,, = 100; and a similar absorption was 
also found in methyl $-boswellate prepared from the acid used as a starting material. This 
suggests the presence of a small amount of impurity with a selective absorption in the region 
2800 a., which is not removed in the ordinary course of purification of 6-boswellic acid. 

The present experiments are purely negative and cannot, therefore, be regarded as con- 
clusive evidence against Simpson and Williams’s formulation of $-boswellic acid; for the 
present they are placed on record until decisive evidence regarding the position of the double 
bond in the «-amyrin group of triterpenes becomes available. 

Nor-f-boswellenone.—2 G. of 8-boswellic acid were heated in a sausage flask with 9 g. of 
copper powder for 20 mins. by means of a nitrate bath kept at 340°. The flask was then 
evacuated with a mercury vapour pump, the yellow oil (1-4 g.) distilling into the side arm 
solidifying at once. Crystallisation from acetone gave sparkling flattened needles (0-8 g.) 
melting at about 180°, and constantly at 186° after two more crystallisations. The rotation, 
[x]p + 182-6°, was determined in chloroform (¢ = 1-835) (Found: C, 85-2; H, 11-4. Calc.: 
C, 84-8; H, 11-3%). 

6-Boswellyene.—B-Boswellic acid was heated at atmospheric pressure until decomposition 
was complete, and the product distilled in the vacuum of an oil-pump. The distillate was 
dissolved in light petroleum, freed from acid by shaking with sodium hydroxide, and percolated 
through a little alumina, the solution evaporated, and the residue crystallised three times 
from acetone, forming fine needles, m. p. 123°, [a]p + 231-8° (¢ = 1-815 in chloroform) (Found : 
C, 88-5; H, 11-5. Calc.: C, 88-3; H, 11-8%). 


The authors are indebted to Dr. R. H. Kerlogue for measuring the absorption spectra.— 
UNIVERSITY OF DURHAM AND IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, LONDON, 
S.W.7. (Received, August 18th, 1941.) 
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Cstrone Azobenzene-4-carboxylate. By F. BERGEL and A. CoHEN. 


THE publication by Coffman (J. Biol. Chem., 1941, 140, XXVIII) of a report on the prepar- 
ation and chromatographic analysis of benzeneazo-p-benzoyl derivatives of androsterone, 
isoandrosterone, dehydroisoandrosterone, pregnanediol and cholesterol makes it desirable for 
us to publish the results of similar experiments undertaken some time ago in the field of the 
cestrogenic hormones. The object was to purify various grades of cestrone or even the total 
crystallisate of the cestrogenic hormones by chromatographic analysis of the azobenzene-4-car- 
boxylates. Duschinsky and Lederer have described experiments on the chromatographic 
separation of free cestrone and equilenin (Bull. Soc. Chim. biol., 1935, 17, 1534). 

Ladenburg, Fernholz, and Wallis (J. Org. Chem., 1938, 3, 294) showed that some sterols 
can be separated in the form of their azobenzene-4-carboxylates, and Reich (Biochem. J., 
1939, 33, 1000) separated various sugars as poly-azobenzenecarboxylates. 

When the azobenzene-4-carboxylates prepared from samples of cestrone of varying degrees 
of purity were submitted to chromatographic analysis, as described below, a sharp separation 
could not be effected, almost the whole of the material forming a deep diffuse band on the 
alumina column. The crystallisation of the coloured ester was, however, in itself a better 
means of purifying the cestrone than crystallisation from alcohol, as is shown in the following 
experiments. 

Cstrone Azobenzene-4-carboxylate—A mixture of cestrone (0-2 g.), m. p. 257-5—259-5°,* 
and azobenzene-4-carboxylic acid chloride (0-4 g.) in anhydrous pyridine (10 c.c.) was warmed 
at 50° for 24 hours. A small quantity (0-03 g.) of the ester separated directly from this solution, 
which was filtered and poured into ice-water to precipitate the bulk of the product. The latter 
was dried (0-45 g.), dissolved in 36 c.c. of benzene, and shaken for a few seconds with activated 
alumina (1-5 g. Brockmann) and then filtered. The filtrate was concentrated, and the e@sirone 
azobenzene-4-carboxylate precipitated by the addition of light petroleum and recrystallised from 
ethyl acetate, forming red rhombs (0-2 g.), m. p. 226-5—227-5° (Found: C, 77-6; H, 6-1; 
N, 5-9. C3,H3,0,N, requires C, 77-8; H, 6-3; N, 5-9%). 

CEstrone regenerated from this ester by hydrolysis with 2% alcoholic potassium hydroxide 
had m. p. 259-5—260-5° after crystallisation from alcohol, whereas recrystallisation of the 
original cestrone gave a specimen of m. p. 255-5—257-5°. 

Attempted Chromatographic Analysis of ‘‘ Azo-ester”’ of CEstrone Samples.—(a) Crude 
cestrone of m. p. 253-5° (0-2 g.) was esterified as described above. When the pyridine solution 
was chilled, 0-14 g. of the pure ester, m. p. 226-5°, was directly obtained. The mother-liquor 
yielded, on precipitation with water, 0-23 g. of orange solid. This was dissolved in 50 c.c. of 
benzene-—light petroleum (b. p. 60—80°) (a 2: 1 mixture was used in all the experiments) and 
run through a column of activated alumina about 14 cm. long and 22 mm. wide. The column 
was washed with 50 c.c. of benzene—light petroleum (2 : 1) and then developed with 300 c.c. of a 
9:1 mixture. When about 150 c.c. of the developing solution had been added, a faint yellow 
colour appeared in the filtrate, which was collected separately as long as colour persisted, and 
evaporated to dryness, yielding a trace of crystalline material too small for further examination. 
At the end of development, a deep diffuse band was the main constituent of the chromatogram 
and extended over the lower half of the column. Elution with acetone yielded 0-15 g. of red 
crystalline solid, m. p: 209-5—211-5°, i.e., still 17° lower than that of the pure ester. When 
recrystallised from ethyl acetate, however, the product (0-1 g.) had m. p. 226-5°. 

A small coloured band which formed above the main band gave, on acetone elution, a very 
small amount of gummy material. ‘ 

(b) In another experiment, 0-2 g. of cestrone of m. p. 253-5° yielded directly 0-24 g. of the 
azo-ester (68% yield), m. p. 225-5°, when only 5 c.c. of pyridine were used and the reaction 
mixture was cooled below 0° after 24 hours at 50°. Precipitation of the pyridine liquor with 
water yielded 0-22 g. of crude ester, m. p. 198-5—223-5°. A benzene solution of this was shaken 
for a few moments with activated alumina, filtered, and evaporated to dryness. The residue, 
recrystallised from ethyl acetate, yielded 0-05 g. of ester, m. p. 224-56—225-5°, raising the total 
yield of purified ester to 82%. On hydrolysis of this with 2% alcoholic potassium hydroxide, 
cestrone was obtained, m. p. 258-5—260-5° after crystallisation from alcohol. 

(c) The starting material in this experiment was a “ total crystalline cestrogenic hormone 
fraction ’’ of m. p. 211—223°. It was esterified in the usual way and the product precipitated 
by water was dried and had m. p. 199—202°. A solution of 0-4 g. of this crude ester in 60 c.c. 
of benzene-—light petroleum (2: 1) was run through an alumina column, washed with 100 c.c, 


* All m. p.’s are corrected. 
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of the solvent mixture (2 : 1), 100c.c. (4: 1) and 300c.c. (9:1). Again the main band was deep 
and diffuse in the lower part of the column and gave, on elution with acetone, 0-3 g. of red crystal- 
line material, m. p. 199—202°, so that no improvement in m. p. had been effected. One 
crystallisation of this material from ethyl acetate gave a product, m. p. 219-5—220-5°, which 
was hydrolysed to cestrone of m. p. 253-5—254-5° (one crystallisation from alcohol). A faint 
upper layer was again observed in the chromatogram. 

The m. p.’s of various specimens of cestrone, including the International Standard, before 


and after purification through their azobenzene-4-carboxylates are compared in the following 
table : 


Before After regeneration 
esterification. from azo-ester. 
Cstrone, purified technical .............ssseeeee 257-5—259-5° 259-5—260-5° 
CHlatrome, TOGRMICRE occcccccscccsencssccecesssccecese 253-5 258-5—260-5 
Total cryst. cestrogenic hormone ............+. 211—223 253-5—254-5 
International Standard cestrone ............... 261-5—263-5 262-5—263-5 


A specimen of highly purified cestrone, kindly supplied by Dr. A. Winterstein of Messrs. 
Hoffmann-La Roche and Co., Basle, showed an even higher m. p. of 264—264-5°. 

Azobenzene-4-carboxylic acid chloride is readily prepared by refluxing the acid with excess 
of thionyl chloride till solution occurs, or with a benzene solution of slightly more than the 
calculated quantity of thionyl chloride. The presence of anhydrous sodium carbonate (cf. 
Ladenburg e¢ al., loc. cit.) has not been necessary. 


The authors are grateful to Dr. P. Hartley of the National Institute for Medical Research 
ior providing the International Standard and to Messrs. Hoffmann-La Roche and Co., Basle, 
for the other samples of cestrone.—RESEARCH DEPARTMENT, ROCHE Propucts Ltp., WELWYN 
GARDEN City. ([Received, September 10th, 1941.] 





141. Mechanism of Aromatic Side-chain Reactions, with Special Refer- 
ence to the Polar Effects of Substituents. Part X. Physical and 
Chemical Evidence relating to the Polar Effect of o-Methyl Substituents 
in Derivatives of the Type C,H,Me,°CO°CH,R. 


By Joun W. BAKER and Witti1amM T. TWEED. 


The heat of combustion of 2: 4: 6-trimethylacetophenone is 0-17 volt-electron 
per molecule lower than that of the 2:4: 5-isomeride. This indicates a slightly larger 
resonance energy in the former molecule and supports the earlier suggestion (Baker, 
J., 1938, 445) that resonance occurs between the electrons of the C-H bonds of the 
methyl substituents and those of the carbonyl group. Further support is derived from 
a comparison of the molecular refractivities and of the basic character of the carbonyl 
oxygen of the two isomerides and of the corresponding 2 : 4: 6- and 2: 4: 5-trichloro- 
acetophenones, in which the chlorine substituents, although approximately isosteric with 
methyl, are of a different polar type. The velocities of interaction of 2 : 4 : 5-trimethyl-, 
p-chloro-, 2 : 4: 5- and 2: 4: 6-trichloro-phenacyl bromides with pyridine in dry acetone 
have also been determined. The combined data suggest that the large inhibitory effect 
of the two ortho-substituents in this reaction is due largely, but not entirely, to purely 
spatial factors. 


In Part IX (Baker, J., 1938, 445) it was suggested that the very large inhibiting effect of 
the methyl substituents on the reaction of 2:4: 6-trimethylphenacyl bromide with 
pyridine arose, at least partly, from the existence of resonance involving the electrons 
of the C-H bonds in the methyl substituents and those of the carbonyl group.* Such 


* Conjugation between C-H bonds and an attached unsaturated system, postulated by Baker and 
Nathan (J., 1935, 1844; Baker, J., 1939, 1150) on a qualitative basis, has now been computed on a 
quantitative basis by Mulliken, Rieke, and Brown (J. Amer. Chem. Soc., 1941, 68, 41), using the method 
of molecular orbitals. These authors classify such conjugation as ‘‘ second-order conjugation” or 
“‘ first-order hyperconjugation.” This would seem to be equivalent to the permanent conjugation to 
which the term “* mesomeric effect ’ of alkyl groups has been applied by one of us on the basis of the 
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acetophenone derivatives were regarded as resonance hybrids of structures of the types (I) 
and (II). 


CH,—H H, Ho 
lan pes 7 Ph of . 
g) BCR aN 29, U2) 
H, CCH, 
H 


This conclusion was, of necessity, rather tentative, since it was not possible to exclude 
purely spatial effects of the two o-methyl groups if the mechanism involves the direct 
attack of the base at the carbonyl carbon (cf. Part IX, loc. cit., p. 446; also this 
communication, p. 799), ¢.g., 


I . ~ 
—CH,—Br —> | Ar—(-CH,—Br | —> Ar-CO-CH,NR,}Br 
Ry + NR, 


The effect of such methyl substitution on the carbonyl activity is also revealed in other 
published data. For instance, Reich, Salzmann, and Kawa (Bull. Soc. chim., 1917, 21, 
217) found that 2:4: 6-trimethylbenzaldehyde would not undergo the Perkin reaction, 
the first stage of which is generally regarded as an aldol type of condensation at the carbonyl 
group. Hammett and Treffers (J. Amer. Chem. Soc., 1937, 59, 1708) demonstrated by 
cryoscopic measurements the abnormal ionisation of 2 : 4 : 6-trimethylbenzoic acid as a 
base in concentrated sulphuric acid : 


C,H,Me,CO-OH + 2H,SO, —> C,H,Me,*CO + H,O + 2HSO, 


The stabilising influence of the above mesomeric electron 

i release on the anomalous cation is obvious, since it makes 

¢ H, possible the distribution of the positive charge between all 

nine hydrogen atoms of the methyl groups, in addition to the 

w“cHy GZIDL ¢=o0 usual distribution within the benzene nuclus. itself (see ITI). 
ae fll On the other hand, Hammett and Zucker (ibid., 1939, 61, 2779) 

found no inhibition of the iodination of 2 : 4 : 6-trimethylaceto- 

H, phenone, a reaction which depends essentially on the ionis- 

| ation of hydrogen from the side-chain methyl group and 

should therefore be unaffected by spatial effects arising from 

ortho-substitution (cf. p. 799, and Baker, paper shortly to be published in Trans, 
Faraday Soc.). 

Various attempts have been made to substantiate the polar as distinct from the purely 
spatial effects (which are almost certainly operative) of the o-methyl substituents. The 
existence of a mesomeric effect of the type postulated, giving rise to the inclusion of structures 
of type (II) in the resonance hybrid, should be detected by a comparison of certain physical 
properties of 2:4:6- and 2:4: 5-trimethylacetophenones and by similar comparison 
of suitable equilibria, in which only the ground states of the initial and final products are 
involved. Evidence of increased conjugation in 2 : 4 : 6-trimethylacetophenone is provided 
by the fact that its molecular refractivity exhibits a greater exaltation (2-4 units) than does 


(III.) 





nomenclature of Professor C. K. Ingold. An electromeric effect, of similar origin, but operating only 
in the activated transition complex of a suitable substitution, was also envisaged and has since been 
conclusively established by Hughes, Ingold, and Taher (J., 1940, 949). Mulliken e¢ al. extend the 
principle to ‘‘ second-order hyperconjugation ”’ in saturated molecules of the type of ethane Hy=C-C=H,, 
in which they claim that the C-C bond has, as a result, about 11% of double-bond character. 
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that of 2:4: 5-trimethylacetophenone. The values (von Auwers, Annalen, 1919, 419, 
120) as follows : 
neo", du, [M]a. 
2: 4: 5-C,H,Me,-CO-CH, 15357 1-001 50-3 
2:4: 6-C,H,Me,*CO-CH, 15148 0-9854 52-7 
The calculated value is [M], 49-1. 

Although it was expected that the contribution of structures of type (II) (R = H) 
to the resonance hybrid representing the ground state of the 2 : 4 : 6-trimethylacetophenone 
molecule would be very small, it was thought that the possibility that nine C-H bonds 
could take part in the resonance of this molecule, whereas only six could be operative in the 
2:4: 5-trimethyl isomeride, might be revealed in a small, but definite, increase in the re- 
sonance energy of the former molecule. Accordingly, the heats of combustion of carefully 
purified specimens of the two liquid ketones were determined for us by Dr. W. A. Roth at 
Freiburg. In agreement with expectation, it was found that the 2: 4: 6-trimethylaceto- 
phenone has a slightly lower heat of combustion (8925 + 4 cals./g.) than the 2: 4 : 5-com- 
pound (8947 + 6 cals./g.). These data correspond to values of 63-16 + 0-021 and 
63-33 + 0-042 volt-electrons per molecule of vapour, respectively.* The difference, 
+ 0-17 volt-electron per molecule, in the resonance energies of 2:4: 6- and 2: 4: 5-tri- 
methylacetophenone thus indicated is small, but is significant when compared with the 
resonance energies of the corresponding substituted hydrocarbons mesitylene and 
#-cumene : their heats of combustion in the vapour state are 54-23 and 54-15 volt-electrons 
per molecule, respectively, a difference of only — 0-08 volt-electron. The difference in the 
resonance energy arising from the transfer of the 5-methyl substituent to the 6-position 
in the case of the ketones (+ 0-17 volt-electron) is appreciably greater than the probable 
experimental error (+ 0-042 volt-electron) and, moreover, is in the opposite sense to the 
much smaller difference (— 0-08 volt-electron) in the corresponding hydrocarbons where, 
of course, the absence of a carbonyl group makes the postulated extra resonance energy 
impossible. These data thus give considerable support to the theoretical deduction that 
2:4: 6-trimethylacetophenone has a greater resonance energy than the 2: 4 : 5-isomeride. 

Another expected effect of the incursion of structures of type (II) into the ground state 
of 2:4: 6-trimethylacetophenone would be a diminution in the basic character of the 
carbonyl oxygen. A qualitative comparison of the relative basic strengths of 2:4: 6- 
and 2:4: 5-trimethylacetophenone was made by using the partition method between 
ligroin and concentrated sulphuric acid (Baker, J., 1931, 307). For purposes of comparison 
the corresponding 2 : 4: 6- and 2: 4: 5-trichloroacetophenones were also examined, since 
chlorine is approximately isosteric with methyl but is of different polar type. The methyl 
substituents would normally be expected to increase the basic character of acetophenone 
whereas chlorine substitution should decrease it. The data are in Table I. 


TABLE I. 
Partition of derivatives of the type C,H,X,°CO-CH, between ligroin and sulphuric acid at 18°. 
Percentage of ketone in the ligroin layer. 


= 100%. 90%. 
0 0 





The basic strengths of the two trichloro-isomerides are of the same order of magnitude, 
but whereas 2: 4: 5-trimethylacetophenone has a basic strength closely similar to (or 


* It is recognised that these values include the heats of vaporisation, the values of which have been 
computed by a method detailed on p. 801. Since the density of 2 : 4 : 6-trimethylacetophenone is lower 
than that of the 2: 4: 5-isomeride, it is extremely improbable that the former compound would have 
a higher heat of vaporisation. Moreover, in order to account for the observed differences in heats of 
combustion of the two ketones on this basis alone, it would be necessary to assume a ca. 50% increase 
in the postulated heat of vaporisation, an assumption which is regarded as highly improbable. 
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slightly greater than) that of the parent acetophenone, the 2 : 4: 6-trimethyl compound, 
in spite of the more favourable orientation of the methyl groups, is as weak a base as the 


corresponding trichloro-compound. It is difficult to escape the conclusion that the 
equilibrium , 


_ Ar-CO-CH, + H,SO, == Ar-C(CH,):OH + HSO, 


is displacetl abnormally to the left in the case of 2: 4: 6-trimethylacetophenone. There- 
fore, deductions from the energy content of the molecule, from its molecular refractivity, 
and from the base-salt equilibrium all support the postulated interaction between the 
o-methyl groups and the adjacent carbonyl] group. 

Although less likely to be conclusive, since the energy levels of activated, transition 
complexes in a bimolecular, nucleophilic substitution are also involved, an examination 
was made of the relative velocities of interaction of the two isomeric trimethyl- and trichloro- 


phenacyl bromides with pyridine under the standard conditions | of Baker and Nathan 
(J., 1935, 1840). The results are in Table II. 


TABLE II. 
Interaction of C,H,X,°CO-CH,Br with C;5H;N, both 0-025m in dry acetone at 20°. 


(& in g.-mol.— litre sec.-.) 
Ref. , 108k. Ref. 
(1) 24: ~10+ * 
0-54 (2) 24: , 
~10* to 10** (1) 
(1) Baker, J., 1938, 445. (2) This communication. 
* Too slow for accurate measurement. 


The large difference in magnitude between the reaction velocities of the 2: 4: 5- and 
the 2 : 4: 6-trichloro-compound is similar to that observed in the corresponding trimethyl- 
phenacyl halides. Conjugation of the unshared chlorine electrons, giving rise to structures 
of the type (IV) is theoretically possible, but the increased velocity observed with 

; -  p-chlorophenacyl bromide (due largely to the inductive electron- 


+ 
Cl QO attraction of the halogen substituent), taken in conjunction with 
ae | the comparable order of basic strengths of. the 2:4:5- and 
6¥Z2 —CR 2:4:6-trichloroacetophenones, suggests that such structures are 
~ . of minor importance and that the greatly reduced velocity of 
C 1 interaction between pyridine and 2: 4: 6-trichlorophenacyl bromide 


is due, to a very large extent, to purely spatial inhibition. It 
would thus appear probable that such spatial effects are largely, 
although not entirely, responsible for the lack of reactivity of the side chain situated 
between two ortho-substituents and, as a necessary corollary if this be accepted, that the 
attack of the base molecule occurs initially at the carbonyl carbon and not at the side-chain 
methylene carbon atom or bromine atom. 


(IV.) 


EXPERIMENTAL. 


(All agglyses, except those marked with an asterisk, are by Dr. G. Weiler of Oxford.) 

Prepafation of Materials.—2 : 4: 6-Trimethylacetophenone, prepared from y¥-cumene and 
acetyl chloride (Claus, J. pr. Chem., 1890; 41, 109), had b. p. 110°/7 mm. after repeated 
purification. It was Eat ale by the action of 1 mol. of bromine, without solvent, into 
2:4: 5-trimethylphenacyl bromide, m. p. 57° after repeated crystallisation from ligroin (b. p. 
40—60°) (Found: C, 54-7; H, 5-55; Br, 35-5. C,,H,,OBr requires C, 54:8; H, 5-4; Br, 
33-2%). 

2:4: 6-Trichloroacetophenone. The method of Lock and Bock (Ber., 1937, 70, 916) was 
first tried: aceto-m-toluidide was converted into 2: 4: 6-trichlorobenzaldehyde, but this 
. could not be converted into the methylcarbinol, the aldehyde being recovered unchanged from 
treatment with methylmagnesium iodide. Chlorination of m-acetamidobenzoic acid with sodium 
chlorate in acetic-hydrochloric acid solution to give the trichloro-acid, hydrolysis of the product, 
and removal of the amino-group by diazotisation gave only ( ?) pentachlorobenzoic acid (Found : 
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C, 29-8; H,,.0-34; Cl, 582. Calc. for C,HO,Cl,: C, 28-5; H, 0-34; Cl, 57-9%). The required 
ketone was eventually obtained by the method of Fuson and Ross (J. Amer. Chem. Soc., 1932, 
54, 4300; 1937, 59, 1508). The action of 2: 4: 6-trichlorobenzoyl chloride with an excess of 
methylmagnesium iodide in boiling ether gave the ketone, b. p. 110°/1 mm., m. p. 50° after 
crystallisation from ligroin (Found: C, 43-0; H, 2-2. Calc. for C,H,OCI,: C, 43- 15; H, 2-4%), 
and a compound, which crystallised from alcohol in yellow needles, m. p. 192°. From its analysis 
it may be either 2:4: 6-trichlorophenacyl-2 : 4: 6-trichlorophenylmethylcarbinol or the 
isomeric (-2: 4: 6-trichlorophenylisopropyl 2:4: 6-trichlorobenzoate (Found: Cl, 47-5. 
CreBreOsCle requires Cl, 47-6%). 

: 4: 6-Trichlorophenacyl bromide was obtained by the action of the theoretical quantity 
of phe bromine on the ketone without solvent. When evolution of hydrogen bromide had 
ceased, the product was diluted with ether, washed with water and sodium hydrogen carbonate 
solution, and dried over sodium sulphate. The residue from the dried ethereal solution crystal- 
lised. Repeated crystallisation from ice-cold ligroin (b. p. 40—60°) gave the bromide, m. p. 
81° (Found: C, 31-9; H, 1-5; Br*, 26-3. C,H,OCI,Br requires C, 31-8; H, 1-3; Br, 265%). 

2:4: 5-Trichloroacetophenone. Great difficulty was experienced in the synthesis of this 
compound. The following methods were investigated. 

(1) Aceto-m-toluidide was converted via its 4: 6-dichloro-derivative and 4: 6-dichloro- 
m-toluidine into 2: 4: 5-trichlorotoluene, m. p. 80-5°, identical with the original specimen 
prepared by Cohen and Dakin (J., 1902, 81, 1336). This, however, was unchanged by refluxing 
with potassium permanganate solution for 48 hours, and the corresponding 2: 4: 5-trichloro- 
benzotrichloride obtained from it (Beilstein and Kuhlberg, Amnalen, 1869, 150, 313; 152, 
224) was similarly inert. 

(2) 1: 2:4-Trichlorobenzene was converted into 2:4: 5-trichloronitrobenzene, m. p. 
57°, and thence into 2: 4: 5-trichloroaniline, m. p. 95° (Lesimple, Annalen, 1866, 137, 123). 
This was converted into the nitrile by diazotisation in concentrated hydrochloric acid with 
solid sodium nitrite, addition of cuprous cyanide solution, and steam distillation. Crystal- 
lisation of the product from ligroin (b. p. 40—60°) gave 2: 4: 5-trichlorobenzoniirile, m. p. 
104° (Found: C, 38-5, 39-2; H, 1-1, 1-3; Cl, 52-0. C,H,NCI, requires C, 40-7; H, 1-0; Cl, 
51-6%). This was, however, contaminated by 1:2: 4: 5-tetrachlorobenzene, which is also 
steam-volatile and crystallises from the same solvents as the nitrile. 

The nitrile (46 g.) was hydrolysed to the amide by treating it with 600 c.c. of 80% (by 
weight) sulphuric acid for 12 hours at room temperature, followed by 6 hours’ heating on the 
steam-bath and finally 1 hour’s refluxing over a free flame (during which 1: 2: 4: 5-tetra- 
chlorobenzene, m. p. 139°, sublimed into the condenser). The reaction mixture was cooled, 
slightly diluted with water, and 17 g. of powdered sodium nitrite were added to the cooled 
solution. The precipitate was extracted several times with warm sodium carbonate solution ; 
the insoluble tetrachlorobenzene was filtered off, and the 2: 4: 5-trichlorobenzoic acid, m. p. 
168°, was precipitated by slow addition of concentrated hydrochloric acid to the cold filtrate. 

2:4: 5-Trichlorobenzoyl chloride. The acid (22 g.) was converted by means of thionyl 
chloride into its chloride, which was purified by distillation under reduced pressure; it had b. p. 
125°/2 mm. and crystallised from cold ligroin (in the refrigerator), m. p. ~28°. Yield, 25 g. 
The orientation of this compound was checked by its conversion into 2 : 4 : 5-trichlorobenzamide, 
m. p. 168°, and into ethyl 2 : 4: 5-trichlorobenzoate, m. p. 65°, both m. p.’s agreeing with those 
recorded in the literature. 

2:4: 5-Trichloroacetophenone. The products obtained by the action of methylzinc iodide 
on the acid chloride depend greatly on the experimental conditions. In one experiment the 
main product was a white solid, m. p. 228°, which, from its analysis (Found: C, 43@; H, 2-3. 
C1H,,0,Cl, requires C, 42-8; H, 2-3%), would seem to be the analogue of the compound, m. p. 
192°, obtained from the 2 : 4 : 6-trichlorobenzoyl chloride (see above). In another experiment 
in which 0-075-g.-mol. of the acid chloride was added to methylzinc iodide (0-1 g.-mol.) in ice, the 
reaction mixture refluxed for 3 hours, and then worked up in the usual manner, the product, on 
distillation, gave a small amount of a compound, b. p. 130°/1-5—2 mm., m. p. 64°, which was 
not the ketone, and much high-boiling residue which decomposed extensively during distillation. 
The required ketone was finally obtained as follows. The acid chloride (0-1 g.-mol.), dissolved in its 
own volume of dry benzene, was added slowly to 0-1 g.-mol. of methylzinc iodide cooled in a 
freezing mixture. No apparent action occurred until the mixture was gently warmed on a steam- 
bath, whereupon a brisk reaction, necessitating some cooling, set in. After this reaction had 
ceased, the mixture was left for } hour and then cooled in a freezing mixture and decomposed 
by ice, followed by cold, dilute hydrochloric acid, The product was extracted with ether, and 
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the extract washed several times with sodium carbonate solution, and dried over sodium sulphate. 
The solvents were distilled off through a column, and the product fractionated in a vacuum. 
The first fraction, b. p. 128—132°/1-5 mm., was the required ketone and crystallised on cooling. 
After draining on porous porcelain 2 : 4: 5-trichloroacetophenone, m. p. 47°, was purified by 
repeated crystallisation from ligroin (b. p. 40—60°) (Found: .C, 43-1; H, 2-6; Cl, 47-0. 
C,H,OCI, requires C, 43-0; H, 2-2; Cl, 47-65%). The residue in the distilling flask crystallised, 
and by fractional crystallisation from various solvents it afforded (1) a ligroin-soluble portion 
(not further investigated); (2) a fraction readily soluble in ether, probably 2: 4 : 5-trichloro- 
benzoic acid, m. p. 166°, which had escaped removal; and (3) a non-acidic portion, difficultly 
soluble in ether, which after repeated crystallisation from acetone was obtained in fine needles, 
m. p. 130°. This has not been identified (Found: C, 37-6; H, 1-2; Cl, 50-0%). 

2:4: 5-Trichlorophenacyl bromide. The ketone (2-5 g.), dissolved in a little ligroin (b. p. 
40—60°), was warmed on a steam-bath, and 1-8 g. of dry bromine added dropwise. Instant 
decolorisation of the bromine and rapid evolution of hydrogen bromide occurred. The mixture 
was cooled, largely diluted with ether, washed repeatedly with water and dilute aqueous sodium 
bicarbonate, and dried over sodium sulphate. The residue from the dried ethereal solution 
crystallised in a vacuum desiccator. After being washed on porous porcelain with a little cold 
ligroin (b. p. 40—60°) and repeatedly crystallised from this solvent, 2: 4 : 5-trichlorophenacyl 
bromide was obtained in burr-like clusters of needles, m. p. 60° [Found: C, 32-2; H, 1-5; 
Br* (by pyridine method), 26-1. C,H,OCI,Br requires C, 31-8; H, 1-3; Br, 26-5%]. When 
this was warmed with a little pyridine, 2: 4: 5-irichlorophenacylpyridinium bromide, m. p. 
227° (decomp.), rapidly crystallised from the reaction mixture (Found*: Br’, by microtitration, 
21-2. C,,;H,ONCI,Br requires Br’, 21-1%). Addition of dilute nitric acid to an aqueous 
solution of this bromide caused rapid crystallisation of the nitrate. 

Heats of Combustion of 2:4:5- and 2:4: 6-Trimethylacetophenone.—The following de- 
terminations were carried out by Dr. W. A. Roth, of Freiburg. Two methods of ignition of the 
ketone in the bomb-calorimeter were employed, (1) naphthalene and (2) cellulose acetate being 
used. The former gave rather higher and less consistent results, but the mean values obtained 
for the two ketones differed in the same direction as those obtained by the second method, 


which are regarded by Dr. Roth as the more reliable. They are summarised in the following 
table. 


Heats of combustion of liquid 2: 4: 5- and 2: 4: 6-trimethylacetophenone. 


(Water equivalent of the calorimeter: 2454 + 0-9 cals./degree.) 
Wt. used Temp. rise, 
Compound. (g.). corr. Cals., net. 


we oases od —-s wy } oar iz : =. le. — 62-87 
0-29795 1-1730 2669-3 . voilt-electrons/mol. 


2:4: 6- 0-15765 0-6630 1407-5 
14a. > ae : 8025 + 4 cals./g., i.e., 62-71 
0-39780 15320 3547-1 + 0-021 volt-electrons/mol. 


0-37865 1-4670 3378-2 


The heats of vaporisation of the two ketones have not been determined directly but may 
be closely estimated from the following data (Landolt—Bérnstein) : 


Heat of vaporisation of C,H, = 7:31 kg.-cals./g.-mol. Heat of vaporisation of 2:4: 6- 
C,H,Me, = 8-62 kg.-cals./g.-mol. Heat of vaporisation of 2:4: 5-C,H,;Me, = 8-76 
kg.-cals./g.-mol. Difference for 2:4:6-Me, = 1-31 kg.-cals./g.-mol. Difference for 
2:4: 5-Me, = 1-44 kg.-cals:/g.-mol. Heat of vaporisation of C,H,-CO-CH, = 9-27 
kg.-cals./g.-mol. Whence, heat of vaporisation of 2: 4: 6-C,H,Me,-CO-CH, = 9-27 + 
1-31 = 10-58 kg.-cals./g.-mol. = 0-45 volt-electron/molecule. Heat of vaporisation of 
2:4: 5-C,H,Me,-CO-CH, = 9-27 + 1-44 = 10-71 kg.-cals./g.-mol. = 0-46 volt-electron/ 
molecule. 

| 
Partition Data.—Baker’s method (loc. cit.) was used except that the concentration of the 
ketone in the ligroin layer ;was found by determination of the refractive index of the solution, 
sodium light being used. It was shown that the value of 3?" plotted against the concentration 
of the ketone gave a straight-line relationship, and that large dilution of the sulphuric acid 
regenerated the whole of the ketone, the ligroin extract having the same m}” value as that of the 
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original solution. 20 C.c. of a 0-1092m-solution * of the ketone were shaken at 18° with 5 c.c. 
of 100% sulphuric acid (by titration), 5-63 c.c. of 90%, or 6-62 c.c. of 80% sulphuric acid, so 
that the molecular ratio, ketone/H,SO,, was maintained constant throughout. The data are 
in the following table. 


Partition of CgH,R,*CO-CH, between ligroin (n3}° 1-4110) and sulphuric acid at 18°. 

n° of Ketone, %, n2° of Ketone, %, 

H,SO,, _iligroin _in ligroi H,SO,, _—iligroin _in ligroin 
R;. %. layer. , Rj. %. layer. 
$:4:6-Cl, 100 1-4118 2:4: 6-Me, 1-4121 
90 1-4130 1-4136 
80 1-4133 1-4140 
0 1-4135 ; 1-4141 
2:4:5-Cl, 100 1-4115 2:4:5-Me, 100 1-4110 
90 1-4122 90 1-4110 
80 1-4125 80 1-4111 
0 1-4132 0 1-4140 


Velocity of Formation of the Phenacylpyridinium Bromide in Dry Acetone.—The velocity 
measurements were carried out at 20° in 0-025m-concentrations of both reactants by the micro- - 
technique of Baker and Nathan (J., 1935, 1840), the same sample of dry acetone being used as 
in the earlier work. The new data are in Table II, the value of & being obtained, as before, 
from the plot of x/(a—vx) against ¢, which gave a good straight-line relationship in all cases. 
With 2: 4: 5-trichlorophenacyl bromide, crystallisation of the quaternary salt occurred after 
2 hours. 


One of us (J. W. B.) thanks the Royal Society for a grant. 
THE UNIVERSITY, LEEDs. [Received, August 18th, 1941.] 





142. The Equilibrium between Cuprous and Cupric Compounds in 
Presence of Metallic Copper. 


By J. E. B. RAnDLEs. 


Many cuprous salts tend to decompose into the cupric salt and copper, thus 
exemplifying one of the types of instability shown by particular valency states of 
some metals. The factors governing this instability and the equilibrium between 
cuprous and cupric compounds in solution in presence of copper have been inves- 
tigated. The chief controlling factor appears to be the degree of covalency or 
electrovalency of the bonding between the copper ions and neighbouring ions or 
molecules, which is mainly dependent on the polarisability of the latter. Theory 
indicates that decreasing electrovalency and increasing covalency should favour the 
relative stability of the cuprous state, and experimental investigation of the equilibrium 
under various conditions confirms this. 


THE stabilisation of valency states by formation of complex ions (e.g., of Co*** in cobalt- 
ammines, etc., of Mn* and Ni* in complex cyanides, of Cu** by ethylenediamine) has 
received but little systematic study. Instability of a valency state of a metal is nearly 
always attributable to (1) oxidation or reduction of the metal ions by the anion or other 
substance present (e.g., water), or (2) interaction of the metal ions giving ions of higher 
valency plus the metal; ¢.g., in cuprous and cupric compounds, the controlling factors, 
as far as the metal ions are concerned, are the energy changes in the reactions 


Cr tome Cr «kk te 8 we (1) 

and 2Cul —> Cu" + Cu (solid metal) . . . . . (2) 
* This dilution was determined by the small quantity of 2: 4 : 5-trichloroacetophenone available, 
since identical molar concentrations were maintained throughout the comparative series. The large 


differences in the basic strengths of 2: 4: 5- and 2: 4: 6-trimethylacetophenones were confirmed with 
more concentrated solutions, which gave larger differentiation in the ?° values. 





[1941] Cupric Compounds in Presence of Metallic Copper. 803 


where Cu™ and Cu! represent the ions in solid salts or in solution. Reaction (2) is of 
interest since it is the only common example in which the equilibrium between the two 
valency states and the metal is conspicuously changed by relatively slight changes in the 
groups co-ordinated with the ions. It is considered in some detail in this paper, but to 
confine the discussion to the so-called “‘ complex ’’ compounds alone is an artificial restric- 
tion. The natural scope of such a study is the stability of cuprous compounds in general, 
whether solid, or in solution as simple or complex ions. Reaction (1) will not be dealt 
with separately, but is, of course, involved in reaction (2). The influence of the immediate 
environment of the ions on the free-energy change in reaction (1) could be treated by the 
methods to be used for reaction (2), and would be theoretically simpler, but the experi- 
mental investigation would have to depend on rather unsatisfactory oxidation—reduction 
potential measurements. 

A general consideration of cuprous salts shows that those which decompose very easily 
according to reaction (2) (¢.g., the sulphate and fluoride) or which are too unstable to be 
prepared (e.g., the nitrate and perchlorate) are, or would be, predominantly ionic. On 
the other hand, the simple cuprous salts that are stable are all sparingly soluble in water 
and are regarded as having in the crystal a considerable proportion of covalent bonding. 
In the case’of the halides, evidence for this is supplied by the experimental values for the 
lattice energies and interionic distances (cf. Rice, “‘ Electronic Structure and Chemical 
Binding,” pp. 238, 335, McGraw Hill, 1940; Sherman, Chem. Rev., 1932, 11, 153). Cuprous 
fluoride, which would be the most ionic of the halides, is unstable, decomposing into 
cupric fluoride and copper, and has not been prepared pure (von Wartenburg, Z. anorg. 
Chem., 1939, 241, 381). This suggests that the energy change accompanying reaction (2), 
and hence the stability of cuprous compounds in general, may be related to the nature of 
the bonding between the cuprous ion and the neighbouring ions or atoms. The object of 
this paper is to attempt an interpretation on these lines. 

The basic reaction in the decomposition of a cuprous compound is 


2Cut —> Cu*t + Cu (solid metal). . . . . . (3) 


where Cut and Cu*+ represent isolated ions or ions in the gas phase. For this reaction AU 
= + 207-7 kg.-cals., AH = + 207-1 kg.-cals., and AG° (gaseous ions at a concentration of 
1 g.-ion/l.) = 214-3 kg.-cals., all at 25° (the heat of sublimation of copper being taken as 
81-5 kg.-cals. at 25°). This indicates a considerable absorption of energy, which will be 
largely modified when the process occurs in solution or in a solid compound, as in (2), on 
account of the bonding, or interaction, energy between the copper ions and neighbouring 
ions or molecules. The latter energy constitutes, in a crystal, the lattice energy, and in 
a solution of the simple ions, their solvation energy. For so-called complex ions in solu- 
tion, the energy of the bonding of the ion to the co-ordinated groups constitutes the greater 
part of the total interaction energy. The interaction energy may be regarded as a change 
in the energy of the ion from that of the free ion in the gas phase as a standard, and will 
be called U! or U™ (for Cu* or Cu**). Since it is a lowering of energy, Ut and U™ will be 
negative. So we have for reactions (3) and (2), 


2Cut —> Cu** + Cu (solid metal); AU = + 207-7 kg.-cals. : 
2Cu! —> Cul + Cu (solid metal); AU’ = 207-7 + (U™ — 2U") kg.-cals. . (4) 


The bonding between the copper ions and neighbouring ions or atoms may be almost 
purely ionic or covalent or intermediate [continuous transition between the two types is 
possible, since the number of unpaired electrons in both cuprous and cupric ions (0 or 1) 
is the same for either electrovalent or covalent bonding; cf. Pauling, ‘“‘ The Nature of the 
Chemical Bond,” pp. 34—37, Cornell University Press, 1940].. We shall, therefore, con- 
sider the quantity (U™ — 2U") for the extreme cases, and then try to deduce its probable 
change in the intermediate stages. 

In ionic crystals of cuprous and cupric salts with the same anions, there would be 
twice as many anions per cupric ion in the cupric salt as per cuprous ion, in the cuprous 
salt. The electrostatic energy of interaction between the bivalent ion and an anion 
would be twice that between the univalent ion and an anion, if the interionic distance 
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were the same in both cases. Therefore U™ = 4U! (approx.). Again, for the ions in 
solution the simple Born expression makes the energy of solvation of a bivalent ion four 
times that of a univalent ion of the same radius; whence U™ = 4U' once more. The 
effective radius of Cu** is less than that of Cu*, and in any case the above statements are 
only approximate, but a survey of the hydration energies of alkali and alkaline-earth 
metal ions (whose hydration energies are mainly electrostatic) and the lattice energies of 
ionic crystals, confirms their validity as such. .Thus, in the extreme ionic cases (U™ — 
2U1) = 2U! (approx.). This is a fairly large negative quantity, which makes AU’ much 
lower than AU (equation 4), and, as will be seen mes, AU’ is negative for hydrated ions 
and the most ionic crystals. 

For almost purely covalent bonding, the euiatity (U™ — 2U") is not so easily 
estimated. The energy of formation of a covalent bond does not depend directly on the 
charge of the ion concerned, and: with some particular anion may easily be nearly the 
same for the two ions (cf. calculations of bond strengths given by Pauling, op. cit., 
Chap. III). There may be at the most twice as many bonds to each cupric ion as to each 
cuprous ion, but it is unlikely even then that U™ will be greater in magnitude than 2U1, 
and will most probably be smaller. Thus, (U™ — 2U") for the covalent extreme would 
probably be positive, but possibly only small. The general trend of (U" — 2U") from 
ionic to covalent bonding must, therefore, be in the positive direction, and will result in 
a considerable increase of AU’. The direction of change might not, however, be constant 
throughout the transition. The bonding in the compounds to be dealt with, and most 
common copper compounds, is probably either near the ionic extreme or intermediate, 
but still largely ionic, so the trend of (U™ — 2U%) in this region must be considered. 

The transition from ionic to covalent type is accompanied by gradual decrease of the 
ionic charges, and so of electrostatic interaction. Since it is the large electrostatic inter- 
action of Cutt with its surroundings, compared with that of Cu*, which makes (U™ — 2U') 
a large negative quantity for the ionic extreme, it is very probable, in the region under 
consideration where this electrostatic interaction is decreasing but still forms a large part 
of the bonding energy, that (U™ — 2U") will decrease in magnitude as the degree of 
covalency increases. Hence AU’ will change in the positive direction, 7.e., in the same way 
as its general trend throughout the transition. We may, therefore, conclude that as the 
polarisability of the anions or molecules interacting with the copper ions increases, so 
will AU’ increase, and the cuprous compounds become more stable. It will now be shown 
that this conclusion is borne out by experiment. The relevant data will be, for solid 
compounds, the energy change AU’ or AH’, accompanying the decomposition reaction (2), 
and in the case of the reaction in solution, the equilibrium constant and AG° derived 
from it. The thermal data used in the calculations of hydration and lattice energies, 
etc., are from Landolt-Bérnstein Tabellen, up to and including the 3rd Erganzungsband, 
except where otherwise stated. 

Solid Compounds.—The case of solids is conveniently dealt with first. No new data 
are presented, but existing data suffice to indicate the relation of the stability of cuprous 
compounds to the nature of the bonding. 

In Table I is listed AH’ for reaction (2) for various cuprous salts, obtained for the 
halides from the expression 


AH’ = AH + (Lattice energy CuX, — 2 x Lattice energy CuX) kg.-cals. 


[where AH refers to reaction (3) and is + 207-1 kg.-cals.], and for the oxides and sulphides, 
from their heats. of formation from the elements. The use of the lattice energies for the 


TABLE I. 
Lattice energies Heats of formation 
(kg.-cals. per mol.). (kg.-cals. absorbed) 


“CuX, CuX. AH’. “ CuX. Cu,X. 
—727 (—248) (— 24) 

—658 —232 +14 

— 6455 —228 +175 
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halides enables the fluorides to be included by estimating the lattice energy of cuprous 
fluoride by a comparison with those of the silver halides. Data for cupric fluoride are 
from von Wartenburg (loc. cit.). 

In the halide group, allowance being made for the uncertainty in the case of the 
fluorides, the expected change of AH’ is still clear, and the instability of cuprous fluoride 
and of cuprous salts of other anions of low polarisability, such as ClO,-, NO,~, SO,-~, etc., 
may be anticipated. Von Wartenburg’s demonstfation of the instability of cuprous 
fluoride has already been mentioned. A similar change of AH’ occurs for the oxides and 
sulphides, showing the greater stability of cuprous sulphide, though AH’ for the sulphide 
is not as high as might be expected. It is noteworthy that AH’ for reaction (2) in water 
is — 9-4 kg.-cals. (Heinerth, Z. Elektrochem., 1931, 37, 61), falling between the values for 
solid chlorides and fluorides; and this, despite the different conditions, corresponds with 
the fact that the polarisability of the water molecules is between those of chloride and 
fluoride ions. 

Simple Ions in Water and Other Solvents.—We now consider the effect on the equi- 
librium (2) of using solvents in which the electrostatic interaction between the ions and 
solvent molecules is different from that in water. Measurements of the equilibrium 
concentrations (in -g.-mols. or g.-ions/l.) in pure (entirely water-free) methyl and ethyl 
alcohols were carried out and are recorded in Table II. A solution of cupric perchlorate 
in the alcohol, containing perchloric acid to prevent precipitation of cuprous oxide, was 
brought to equilibrium with metallic copper. The temperature in all cases was 25°, and 
all values of free-energy changes, etc., in this section refer to this temperature. 


TaBLeE II. ‘ 
MeOH; e = 31°5. EtOH; e = 24-2. 
(HCI1O,). (Cut). 105(Cut). 10-(Cut) /(Cul)2. (HCIO,). (Cu™). 108(Cut), (Cu™)/(Cut)*. 
0-081 0-0492 123 3-2 0-081 0-0304 
0-081 0-0690 119 4-8 * 0-081 0-0467 
0-081 0-0943 160 3-7 0-081 0-0705 
0-081 0-1070 178 3°3 0-081 0-1022 


0-010 0-00159* 
* Unreliable, based on only one unsatisfactory 0-010 0-00284 


analysis. 0-010 0-00459 
0-010 0-00595 


Measurements carried out by Fenwick (J. Amer. Chem. Soc., 1926, 48, 860) and 
Heinerth (loc. cit.) give as a mean value for the equilibrium constant in water at 25° 
Ky,o = (Cu™]/[Cut]* = 1-0 x 10° (square brackets indicate activities). Qualitatively, 
therefore, the expected results are obtained. With decrease of dielectric constant (e) 
there is decrease of electrostatic interaction between the ions and the solvent molecules, 
whereas the covalent bonding probably remains much the same for the alcohols as for 
water. There is therefore a displacement of the equilibrium favouring the cuprous state. 

The energies of solvation of the ions are probably very largely electrostatic even in 
the alcohols, and it is of interest to compare the equilibrium constants, calculated by 
assuming that they are entirely so, with the experimental results. The concentration 
ratios (Cu™) /(Cu‘)? must be multiplied by suitable activity coefficients, which may be done 
very approximately by assuming that youn/your® = your® and taking your as 0-3 at the 
concentrations used (by comparison with known activity coefficients of Lit, Na*, K*, in 
the alcohols; see Landolt-Bérnstein Tabellen, Erganzungsband III). The calculated 
equilibrium constants are obtained by use of the standard free energies of hydration (cf. 
Latimer, Chem. Rev., 1936, 18, 349; Latimer, Pitzer, and Smith, J. Amer. Chem. Soc., 
1938, 60, 1829; Latimer, Pitzer, and Slansky, J. Chem. Physics, 1939, 7, 108) of cupric 
and cuprous ions, which are found to be — 472-3 + 1 and — 126 + 1 kg.-cals., respect- 
ively. In the expression 


AG2e, = AG? + (— 4723 + 2 x 126 nner! 


AGzic, and AG#,o refer to reaction (2) in an alcohol and in water and ¢«,,,. and eg, are the 
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dielectric constants of the solvents. The comparison is made in Table III. The rough 
agreement, in view of the approximations used, indicates that the change of electrostatic 


TABLE III. 
H,0O. MeOH. EtOH. 
It 
AGi.0 =e AG ow AGiton 
kg.-cals. K. kg.-cals. K. kg.-cals. K. 
1:0 x 10° — 49 4 x 10° — 0-8 3°6 
_— — 3-9 7 x 10 — 1-7 18 











ai 


solvation energy is probably the main factor controlling the change in the equilibrium 
constant. 

Complex Ions in Solution.—The reactions involved in the equilibrium in aqueous 
solution between cuprous and cupric complex ions in presence of copper are 


2CutX,, = Cut*X, + (2m — n)X + Cu (metal) AGS, Kx . . - . &a) 
2Cut aq. = Cut* aq. + Cu (metal) . AG, Kuo - - - 5(d) 
Cut aq. + mX = Cu*X,, OGM: . - - . 
Cut* aq. + nX = Cut*X, AGn, Kn. . . . 5(d) 


and the standard free-energy change and equilibrium constant are given after each. The 

same notation will be used later in discussing individual cases. All measurements relate 

to 25°. Reaction 5(a) refers to the decomposition of a cuprous complex ion in aqueous 

solution, X being the co-ordinating ion or molecule; the others are self-explanatory. 
From the above it is obvious that 


AGE = AGRn + (AGRA —2AG) . ..... © 


an expression parallel to equation (4). Here, — AG? and — AGy, represent mainly the 
energy set free by the formation of the complex ions from the hydrated ions. 

Most molecules or ions which form, with copper ions, complex ions appreciably stable 
in aqueous solution are more polarisable than the water molecule. In these cases, there- 
fore, formation of the complex ion is accompanied by an increase in the covalent nature 
of the bonding, making (AG{, — 2GA‘) a positive quantity and resulting in a displacement 
of the equilibrium favouring the cuprous state, greater the more polarisable the co- 
ordinated ion or molecule. (Fluoride, and to a less extent, sulphate, ions form, with 
cupric ion, complexes which are moderately stable in solution, in which the bonding must 
be predominantly electrostatic, but as would be expected, both from this fact and from 
the nature of the cuprous salts, no corresponding cuprous complexes exist in solution, if 
at all.) 

As a measure of the displacement of the equilibrium, the ratio [Cu**X,] /[Cu*X,,]? is i 
convenient, but it depends on the concentration of X unless 2m = n. It is naiated ¢ to the 
various equilibrium constants by the expression 


[(Cu**Xq)/[Cu*X,,]? = Kx[X]"~ °" = Kg o[X]"~*"Kn/KP . . - (7) 


All the complex ions to be considered are stable enough for the concentration of both 
cuprous and cupric complexes to be taken as equal to the concentrations of cuprous and 
cupric copper. 

The individual cases to be considered involve halogen ions and nitrogen and sulphur 
compounds as co-ordinating groups. 

Halogen ions. The halogen ions except fluoride are more polarisable than the water 
molecule and will form with copper ions linkages of a more covalent character than it 
does. The effect increases from chloride to iodide and is particularly noticeable for 
cuprous ion. 

Examination of an equilibrium solution containing free chloride ion, concentration = 
1m approx., and (Cu!) = 0-20m gave the concentration of cupric copper, (Cu™), as 0-0042m, 
so that (Cu™)/(Cu')? = 1-0 x 107.. (Further measurements of these equilibria have had 
to be abandoned.) Work by Bodlander and Storbeck (Z. anorg. Chem., 1902, 31, 1) shows 
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that in dilute solutions this ratio falls from 4 x 10° when (Cl-) = 0-0007M to 20 when 
(Cl-) = 0-05m. Thus, the ratio decreases rapidly with increasing chloride ion concen- 
tration (because m < 2m as the ions CuCl;, CuCl;~, and CuCl> preponderate in these 
solutions), and in presence of moderate concentrations it is much lower than in water. 
It is very probable that comparison of equilibria would show that bromide ion stabilises 
the cuprous state still more than chloride, on account of its higher polarisability. 
Ammonia and amines. Ammonia and most amines co-ordinate strongly with both 
ions of copper. Examination,of equilibrium solutions containing ammonia gave the 
results shown in Table IV. Cols. 2—4 show the amounts of copper sulphate, sulphuric 


TABLE IV. 


Ammonia. Temperature 25°. 


m-CuSO,, m-H,SO,, M-NH;, Total SO,-- (Cu¥),’ (Cut), (Cu™) . 199, Excess NH, 
— °° ml. ml concn., M. M. M. (Cul)? * concn., M. 
0-00047 0-100 

0-00236 0-297 

0-00092 0-203 

0-00961 0-601 

0-00602 0-581 

0-00654 0-580 

0-00669 0-580 

0-00741 0-575 

0-00965 0-573 

0-00869 0-572 
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acid, and ammonia, expressed as ml. of M-solution, used in making up 100 ml. of each 
original solution, which was then brought to equilibrium with metallic copper. The 
sulphuric acid was included to provide an ammonium-ion concentration sufficient to inhibit 
almost entirely the reaction NH, + H,O—> NH,* + OH~-. To get measurable amounts 
of cupric copper, fairly concentrated solutions had to be used. Activities will be con- 
siderably different from concentrations, but use of the ratio (Cu")/(Cu‘)? instead of the 
ratio of activities will not obscure large-scale changes, and where small-scale variations 
are under consideration, constant ionic strengths have been used. 

In solutions containing excess ammonia it is well known that the cupric ion is present 
almost exclusively as Cu(NH;),** (see, ¢.g., Job, Ann. Chim., 1927, 9, 113). Hence, 
n = 4, afd the slight change in the ratio (Gut Gury? with change in the concentration 
of free ammonia (in Nos. 5—10, Table IV) shows that m = 2 very nearly. Calculation 
from these figures by using equation (7) gives m = 1-9. Probably the cuprous copper is 
present almost entirely as Cu(NH,),* and the change in the ratio is due to the change in 
the nature of the solvent as (NH;) increases. This is in agreement with the existence of 
such salts as [Cu(NH;),]NO, and [Cu(NH,),],SO, and with the work of Bjerrum (K. dansk. 
Vidensk. Selsk. mat.-fys. Medd., 1934, 12, No. 15). 

The average value of Kyy, being taken as 2 x 10-*, AGyg, is found to be + 2-3 kg.-cals. 
for the reaction 2Cu(NH,),* —~> Cu(NH,),** + Cu (metal) in water, compared with 
AGy,o = — 8-2 kg.-cals. for the reaction involving hydrated ions.. The difference, + 10-5 
kg.-cals., represents (AG; — 2AGz1) (equation 6) and is the source of the increased stability 
of the cuprous state. Since there are only two NH, molecules attached to the cuprous 
ion, and four to the cupric ion, the positive value of (AG?; — 2AG") is probably due rather 
to decrease in the total electrostatic interaction than to the increase in the covalent 
bonding. 

Methylamine and pyridine. Methylamine being a stronger base than ammonia, smaller 
concentrations of copper salts had to be used to prevent precipitation of cuprous oxide 
on the copper.. The amount of cupric copper present was then too small for accurate 
measurement, but the methylamine appeared to favour the cuprous state even more 
than ammonia. In the presence of pyridine, the equilibrium was similar, but the pyridine 
interfered with the method of titration, so analyses could not be carried out. - 

Diamines. The stabilisation of the cuprous state with respect to the cupric state and 
copper by monoamines appears to be a general phenomenon, as would be expected. 
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Ethylenediamine, however, has a considerable power of stabilising the cupric state in solid 
salts and in solution (e.g., the bisethylenediaminocupric ion is not even reduced by hypo- 
phosphite ion but forms a stable salt with it). The equilibrium in presence of ethylene- 
diamine was therefore investigated, and the results are recorded in Table V (constructed 
similarly to Table IV). The actual values of the ratio are obviously inaccurate owing to 


TABLE V. 
Ethylenediamine. Temperature 25°. 
M-CuSO,, M-H,SO,, m-C,H,N,, Total SO,-- (Cu), (Cut), (Cu®) Excess 
ml, ml. ml. concn., M. M. M. CH C,H,N,, u 
15 0-0501 0-00071 0-20 
10 , 0-0982 0-00105 * 0-20 
10 : 0-0981 0-00048 : 0-30 
10 , 0-0996 0-00062 , 0-40 
the smallness of (Cu‘) and the difficulty of determining it accurately (see p. 811) (the 
true values of the ratio are probably higher than those given), but there is undoubtedly 
a large difference from the behaviour of a monoamine. Further, it is noteworthy that 
addition of ethylenediamine to cuprous chloride dissolved in potassium chloride solution, 
in absence of air, caused immediate precipitation of copper, and formation of bisethylene- 
diaminocupric ion. 
In order to study the reasons for this difference of behaviour between mono- and 
di-amines, equilibria in presence of other diamines were investigated. Results for tri- and 
penta-methylenediamines are shown in Table VI. The cupric state is favoured somewhat 


TABLE VI. 


m-CuSQ,, M-H,SO,, m-Diamine, Total SO,-~ (cu), 
ml. ml. ml concn., M. 


C;H,(NH,)s 10 0-20 0- 0980 
15 0-20 0-1467 

5 0-20 0-0486 

10 0-20 0-0967 

10 0-20 0-0948 

2 0-20 0-0196 


CsHy(NH,); 2 0-20 0:00005 


less by trimethylenediamine than by ethylenediamine, though both these substances form 
chelate complexes with the cupric ion (for trimethylenediamine, see Werner, Annalen, 
1912, 386, 264). When the two amino-groups are separated by five carbon atoms, as in 
pentamethylenediamine, chelation probably does not occur, only one amino-group of each 
molecule is bonded to the cupric ion, and the ratio (Cu") /(Cu")? is approximately the same 
as in the presence of a monoamine. 

Since the cuprous ion in solution seems able to take up only two molecules of ammonia 
(see p. 807), and since the bonds employed are probably at an angle of 180° (cf. Pauling, 
op. cit., p. 89), it is understandable that if this ion forms chelate complexes with ethylene- 
and trimethylene-diamines at all, the bond energies will be low, and it may, in preference, 
attach two diamine molecules each by one amino-group. [The change of (Cut) /(Cut)? with 
payee, of trimethylenediamine concentration corresponds roughly to (n — 2m) = — 2, 1.2., 

= 2.] The stability of the cupric chelate rings, the five-membered one derived from 
statnentmion being rather more stable than the six-membered one from trimethylene- 
diamine, would then explain why these diamines stabilise the cupric rather than the 
cuprous state. 

Sulphur compounds. The sulphur atom is more polarisable than the nitrogen atom, 
indicating still more covalent bonding and a further stabilisation of the cuprous state. 
This is certainly the case, since both methyl sulphide and ethylenethiourea give stable 
derivatives of cuprous salts, not of cupric, when added to a solution of a cupric salt 
(Phillips, J. Amer. Chem. Soc., 1901, 28, 25; Morgan and Burstall, J., 1928, 143). Many 
other sulphur compounds behave similarly. By analogy with ethylenediamine, a disul- 
phide such as «f-di(methylthio)ethane, CH,’S*-CH,°CH,°S°CH, might be expected to show 
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some preferential co-ordination on to the cupric ion. An alcoholic solution of this 
compound added to alcoholic cupric perchlorate solution gave an immediate brown 
precipitate, presumably the perchlorate of the cupric complex ion. A similar precipitate 
is formed in aqueous solution on shaking (the disulphide is very sparingly soluble). On 
adding excess of the disulphide to aqueous copper sulphate solution, a green colour 
developed which disappeared on equilibration with copper, leaving a colourless solution 
in which no cupric compound was detectable. The copper lost in weight an amount 
equivalent to the original cupric salt. Hence, the only evidence for any preferential 
co-ordination of such disulphides on to the cupric ion is their ability to give fairly stable 
compounds with cupric salts, ¢.g., the brown compound mentioned above and others with 
cupric chloride (Morgan and Ledbury, J., 1922, 121, 2882; Tschugaev, Ber., 1908, 41, 
2226), which, as mentioned by Tschugaev, does not seem possible for monosulphides. 
Though this may be so, the degree of covalent bonding is sufficient to cause the equilibrium 
solution even in presence of the disulphide to contain no detectable cupric compound. 

The conclusions may be summarised as follows: The reaction 2Cu+ —» Cu** + Cu 
(metal) involving ions in the gas phase is accompanied by a large absorption of energy. 
In crystals and solutions, in which the interaction of the copper ions with their surround- 
ings is mainly electrostatic, the interaction energy of the cupric ion is sufficiently greater 
than that of two cuprous ions to reduce this to a small absorption, or even an evolution 
of energy. This permits the easy decomposition of these cuprous salts. As the bonding 
becomes less electrostatic and more covalent, the energy absorption increases again and 
the cuprous compounds are stabilised, except in such special cases as the complexes with 
the lower diamines. 


EXPERIMENTAL. 


The general principle of the method used for measuring the equilibrium concentrations 
was as follows. A solution containing the cupric salt was made up in a specially conmisucted 
vessel, a piece of pure copper foil added, and the vessel rotated in a thermostat Cc 
at 25° for several days. The solution was then removed (out of contact with air), 
and the concentrations of cupric and cuprous copper estimated. 

Reagents.—‘‘ AnalaR ’’ Copper sulphate containing no detectable iron or 
chloride was crystallised once and used for preparing an approximately 1m- 
solution, the concentration of which was determined by addition of iodide and 
titration by thiosulphate. The copper foil was specially pure (electrolytic) foil 
supplied by B.D.H. Other substances were tested and purified when necessary 
by the usual methods. Trimethylene- and pentamethylene-diamines were pre- 
pared by the Gabriel synthesis, and «8-di(methylthio)ethane was obtained pure 
by the methods of Morgan and Ledbury (loc. cit.). 

Preparation of Equilibrium Solutions.—The equilibrating vessel is shown in 
the figure. The body is cylindrical, of capacity about 200 ml., and it is fitted 
with a ground-in stopper (C). This carries a tap as shown, through which a 
pressure of nitrogen can be applied to expel the solution through the exit tube at the bottom. 

The vessel was filled, in the case of aqueous solutions, by introducing measured volumes of 
the required solutions and sufficient water to make 100 ml. To displace all oxygen, a stream 
of oxygen-free nitrogen was passed through the liquid via tube B, tube A being closed by a 
rubber bung, and tap C open. The ammonia was added last, after nitrogen had been passing 
for some time, to avoid unnecessary loss by volatilisation. A roll of cleaned copper foil was 
- then quickly introduced, the stopper replaced, and, after passage of nitrogen for a further } 
minute or so, both taps were closed. Tube B was then closed, stopper C fixed in position by 
rubber bands, and the vessel transferred to the thermostat at 25-00° + 0-05° for equilibration. 
Trial showed that four days was ample time for the attainment of equilibrium. 

At the end of this time, the vessel was clamped in an upright position in the thermostat, 
tube B and the one on the stopper C connected to the nitrogen supply, and into A a rubber 
bung fitted, carrying a tube connecting by a ground glass joint to a burette with a three-way 
tap. A plug of glass wool with some Gooch asbestos was inserted in the enlarged end of 
tube A before the rubber bung, to filter out any particles of copper. By an arrangement of 
T-pieces and taps, the air could be completely displaced from the burette and the rest-of the 
apparatus by nitrogen (escaping gas tested for absence of oxygen by alkaline pyrogallol), and 
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finally, the solution was transferred (by the nitrogen pressure) to the burette and run out for 
analysis. 

For solutions in absolute methyl and ethyl alcohols, special methods had to be used. 
Copper sulphate is not appreciably soluble in these alcohols, and copper perchlorate, which is, 
could be dehydrated in a vacuum at 100° to Cu(ClO,),,2H,O, but no further, without decom- 
position (loss of acid). Moreover, anhydrous perchloric acid cannot be safely added to absolute 
alcohols. Therefore, the alcohol, after dehydration by magnesium, was distilled directly into 
a vessel containing a roughly weighed quantity of anhydrous silver perchlorate in an atmosphere 
of air dried by phosphoric oxide. Dried hydrogen chloride equivalent to only a part of the 
silver salt (from a weighed quantity of pure ammonium chloride acted upon by concentrated 
sulphuric acid) was passed into the solution with a stream of dry air. Silver chloride was 
precipitated, its solubility in these alcohols being less than in water. The vessel was also 
connected via a sintered-glass filter to an equilibrating vessel containing a roll of copper foil. 
After displacement of all oxygen from the apparatus and the solution by a stream of pure dry 
nitrogen, the solution was forced by the nitrogen pressure through the sintered-glass filter into 
the equilibrating vessel. The solution, containing perchloric acid and silver perchlorate (but 
no water), reacted with the copper during the equilibration, giving finally an equilibrium 
mixture of cuprous and cupric perchlorates and a precipitate of silver. [The known standard 
electrode potentials of copper and silver in methyl alcohol show that the concentration of 
silver ion remaining in solution will be negligible. The same, it may be said with confidence, 
will apply to the ethyl-alcoholic solution.] The coating of silver formed on the copper peeled 
off after a time, leaving a clean copper surface. 

Analysis of Solutions.—Fenwick and Heinerth (locc. cit.) both used electrometric titrations, 
with permanganate or ceric sulphate, for the estimation of cuprous copper. These methods 
were found, as expected, to be unsatisfactory in the presence of amines or alcohols. The 
method used, and found to be satisfactory in all cases except in presence of pyridine, was 
the iodine-thiosulphate method for copper with some modifications. The thiosulphate was 
standardised against pure copper. 

To carry out a titration, the requisite excess of recrystallised potassium iodide was dissolved 
. in water in a conical flask and acidified with slightly more acetic or sulphuric acid than sufficient 
to neutralise the amine or ammonia (if present) in the copper solution to be used. If a trace 
of iodine colour appeared, it was removed by one or, at the most, two drops of n/100-thio- 
sulphate. Air was displaced by a stream of air-free carbon dioxide passed through the solution 
for 10 minutes, and then, after stopping the flow (to avoid loss of iodine) but retaining the 
atmosphere of carbon dioxide, a volume of the copper solution was run in under the surface 
of the liquid from the extended jet of the burette, with gentle shaking. 

The cuprous copper is, in this way, all precipitated as the iodide with no liberation of 
iodine, and the cupric copper is similarly precipitated but with liberation of iodine. This 
‘iodine was titrated with thiosulphate, 2—3 g. of potassium thiocyanate, without which accurate 
titration would be impossible (cf. Foote and Vance, J. Amer. Chem. Soc., 1935, 57, 845), being 
added after the starch. Although in presence of much precipitate the final colour change is 
from fawn to white, the end-point could be obtained accurately to within 3 drops of n/100- 
thiosulphate. The cupric copper having thus been estimated, ammonia was added to the 
liquid, which was then allowed to stand (with occasional stirring) till atmospheric oxidation 
caused the cuprous iodide to dissolve to a blue solution. The total copper was then precipitated 
by passing in hydrogen sulphide, the sulphide filtered off in a sintered-glass crucible, dissolved 
in 20% nitric acid on the water-bath, the sulphur filtered off, and after removal of the nitrous 
acid by addition of urea, the total copper was estimated (in an aliquot part, if necessary) by 
thiosulphate as before. 

The detailed procedure differed according to whether the solution contained (1) mainly 
the cuprous compound, (2) mainly the cupric compound, or (3) both in similar concentration. 
(1) In the first case (as in the presence of ammonia, etc.) the iodine liberated by the cupric 
copper was titrated with approx. n/100-thiosulphate and the total copper estimated by approx. 
N/10-thiosulphate. 

(2) In these circumstances, the iodine liberated by the cupric copper was titrated almost 
to the end-point with approx. n/10-thiosulphate, titration being completed with the approx. 
N/100-thiosulphate. In determining the total copper the same volume of the same n/10- 
thiosulphate solution was run in from the same section of the same burette (the volume thus 
obtained being reproducible to within 0-01 ml. as shown by weighing), and the titration was 
completed as before with the n/100-thiosulphate. The possible error is, of course, at least 
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0-1 ml. of the n/100-thiosulphate. This procedure is necessary because the small proportion 
of cuprous copper is determined by difference between the relatively large amounts of total 
and cupric copper. For instance, in the most dilute solution in methyl alcohol, duplicate 
analyses gave (Cul!) = 0-0494, 0-0493m, and (Cu!) = 0-00141, 0-00116m, but in all other cases, 
except in some with ethylenediamine solutions, the agreement was much better. 

(3) When the concentrations of cupric and cuprous copper were similar, as in the ethyl- 
alcoholic solutions, straightforward titrations with either n/10- or n/100-thiosulphate were 
possible for both the cupric and the total copper, and good agreement between results of 
different analyses was easily obtained. 


The author thanks Mr. D. C. M. Moores for his valuable assistance in the experimental work. 
UNIVERSITY OF BRISTOL. [Received, September 1st, 1941.) 





143. Observations on the Absorption Spectra of Terpenoid Compounds. 
Part I. ‘“‘ isoThujone.” 


By A. E. Gittam and T. F. WEst. 


The chemical evidence adduced by Wallach indicates that the mixture of ketones 
produced by the action of sulphuric acid on thujone consists mainly of ‘‘ isothujone ”’ 
(dl-2 : 3-dimethyl-4-isopropyl-A?-cyclopentenone), the optically active form of which 
has since been prepared by Short and Read (J., 1939, 1040). Although the absorption 
spectrum of the d/-ketone clearly indicates the presence of the C=-C~C-O chromophoric 
group, yet the location of the absorption maximum is inconsistent with the presence 
of an «$$-trisubstituted chromophoric system, and the observed data can apparently 
only be explained by the presence of a disubstituted group unless it be assumed that 
“‘isothujone ’”’ is exceptional among af-unsaturated ketones. The absorption of a 
specimen of /-2 : 3-dimethyl-4-isopropyl-A?-cyclopentenone derived from d-sabinol 
(Short and Read, loc. cit.) shows even greater divergence from the value of Amay 
expected on the basis of the accepted structure. 


THE action of sulphuric acid on thujone (II) has been investigated by Wallach (Annalen, 
1895, 286, 101) and by Haller (Compt. rend., 1905, 140, 162) and the former showed that 
the principal product was the di-form of an unsaturated ketone (III) to which he gave 
the name “ zsothujone,”’ although Short and Read (J., 1938, 2016) have since pointed out 
that this should be named systematically as a cyclopentenone derivative. According to 
Wallach (Ber., 1895, 28, 1958; Anmnalen, 1902, 323, 324), when thujone was treated with 
sulphuric acid, the mixture of ketones thereby produced gave a crude semicarbazone, 
m. p. 184—192°, which could be separated into an a-semicarbazone, m. p. 208—209°, 
and a @-semicarbazone, m. p. 184—185°, both of which regenerated dJ-2 : 3-dimethyl-4- 
tsopropyl-A?-cyclopentenone. Although identical melting points were given for each of 
these semicarbazones in both references, no details of the method of separation appear to 
have been recorded. 

The crude semicarbazone obtained by us, from a ketone mixture having appropriate 
constants, has a melting range similar to that recorded by Wallach, but despite an 
exhaustive examination (see Experimental), we could only isolate, in addition to the 
semicarbazone of d-carvotanacetone, one semicarbazone having m. p. 207—208°. It may 
be significant that Wallach later (Annalen, 1915, 408, 163) recorded the difficulty of 
obtaining uniform “ isothujone ”’ free from carvotanacetone, and that Haller (loc. cit.) did 
not describe the preparation of derivatives for identification. 

It has been suggested (Simonsen, “‘ The Terpenes,” I, p. 297) that the carvotanacetone 
found in thuja oil (Wallach, Annalen, 1893, 275, 182) may have been formed from thujone 
during its isolation, but it was evident from the absorption spectrum that the d-thujone 
forming the basis of the present experiments was free from this ketone before treatment 
with sulphuric acid. The identity of the d/-2 : 3-dimethyl-4-isopropyl-A*-cyclopentenone 
with the “ tsothujone ’”’ described by Wallach was confirmed by the preparation of the 
oxime, m. p. 119—120° (Ber., 1895; Amnnalen, 1915, locc. cit.). 
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The absorption spectra of «$-unsaturated ketones are so characteristic that they have 
been widely used to detect the presence of the system C-=C-C-O in a variety of compounds. 
Woodward (J. Amer. Chem. Soc., 1941, 63, 1123) has recently extended the application of 
absorption-spectra data in this connection by showing that the location of the short-wave 

band of high intensity in this type of compound varies with the 
Fi substitution of the C=C-C-O chromophore i in a very regular way. For 
= O instance, if the chromophoric grouping be written as in (I), some fifty 
. different alkyl-substituted «$-unsaturated ketones fall clearly into three 
(I.) classes which are easily differentiated by the location of the “ ethylene” 
band in the absorption spectrum, and moreover the classes do not overlap. 

The generalisation is discussed more fully in the following paper, which deals primarily 
with absorption spectra. Here we deal only with “ isothujone,’”’ the absorption spectrum 
of which is shown in the figure. The particular specimen used for this purpose was a 
homogeneous fraction obtained from the crude “ isothujone”’ by the method detailed in 
Table I. It was regenerated from the purified semicarbazone (m. p. 207—208°) and, 
following Read’s nomenclature, should be named dl-2 : 3-dimethyl-4-isopropyl-A*-cyclo- 
pentenone (III). 

CHMe — CMe 


oo @ “Men 
HC\ ‘CO ae HC 
HC \ Jt mec7 \co HC fa 


CPré PrPHC——CH, fire 
(II; Thujone.) (III; “‘ tsoThujone.”’) (IV; Carvotanacetone.) 

The location of the absorption band at 2375 A. classifies tsothujone as a disubstituted 
af-unsaturated ketone, whereas the formula generally accepted (III) involves trisubstitu- 
tion of the chromophoric grouping. Hence, 
either isothujone is exceptional among «6- 





unsaturated ketones in that its main absorption 
a maximum is displaced to shorter wave-lengths 
than would be expected from our generalised 
experience, or the accepted formula is incorrect. 
In order to accord with Woodward’s generalis- 
ation the tzsothujone molecule should contain 
a disubstituted chromophoric grouping. This 
is supported by the similarity between the 
light-absorption data on itsothujone and on 
compounds known to contain the disubstituted 
C=C-C-0O structure (cf. Table II). It should 
be noted that a six-atom ring structure is 
among the possible formule that would meet 
20 the light-absorption data although such a 
formula cannot apparently be made to fit the 
chemical evidence adduced by Wallach and 
his co-workers. 
Through the kindness of Professor J. Read, 
10 F.R.S., we were able to examine a specimen of 
2200 _ . 3000 350 1-2 : 3-dimethyl-4-tsopropyl-A?-cyclopentenone 
; . : (III), which is the optically active form of 
ee seve of ethyl-alcoholic solutions. Wallach’s dsothujone but is derived from a 
. one. - , ‘ 
II. isoThujone semicarbazone. completely different source, 4.¢., d-sabinol. 
By hydrogenation in the presence of colloidal 
palladium, this alcohol gives d-2 : 3-dimethyl-4-isopropyl-A*-cyclopentenol, which is oxidised 
by Beckmann’s chromic acid mixture to the /-ketone (Short and Read, J., 1939, 1043). 
The absorption spectrum of this compound showed the usual two maxima, at 2310 A. 
(¢ = 6180) and 3100 a. (¢ = 35), to be expected from an «$-unsaturated ketone. 
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Comparison of these data with the spectrum given by isothujone at once raises two 
points. First, these two compounds are sufficiently different in the locations of the main 
absorption maxima as to raise considerable doubts- as to their identity, since stereo- 
isomerides (or /- and di-compounds) usually have identical absorption spectra. Secondly, 
this /-pentenone is even more anomalous than the dl-isothujone in that its absorption 
band is displaced to shorter wave-lengths (Ags,. 2310 A.), 7.¢., even further away from 
the value (2540 + 50 a.) to be expected of the trisubstituted «f-unsaturated ketone 
represented by the five-membered ring formula (III). 


TABLE I. 
Thujone (« = 14-1 at 2860 a.) 


[xs0. 
Ketone mixture (ce = 11,500 at 2350 a.) 
aaa 





a nee, me Re on meisnatiiiiaien: m. B. 207—208° 
(e = 24,900 at 2680 (e = 24,800 at 2670 a.) 


dil. H,SO, dil. H,SO, 


a-Carvotanacetone dl-2 : 3-Dimethyl-4-isopropyl-A*-cyclopentenone _ distillation 
(e« = 9150 at 2330 a.) (e = 12,000 at 2375 a.) 





Ketone (e 13,500 at 2370 a.) 


Semicarbazone, m. p. 207—208° 
(e = 25,600 at 2640 a.) 





hiiniinisiite. p. 206—208° 
(e« = 12,000 at 2335 a.) 


TABLE II. 


Absorption-spectra data for solutions in alcohol. 
R-Band. 

Amax.- €max.- 

3175 42 

d-Carvotanacetone (IV) cece not measured 

isoThujone (ITI) dade (3100) 80 

1-2 : 3-Dimeth 1-4-isopropyl-A*-cyclopentenone .. eves 3100 35 

1-Methylceyclohexen-3-one * eeee 12, 930 3120 46 
Thujone (II) cece _ 2860 14-1 

isoThujone semicarbazone 24,800 — — 

Carvotanacetone semicarbazone 24,900 — —_ 


2 Data by Cooke and Macbeth (J., 1938, 1408). * Evans and Gillam (following paper). 


EXPERIMENTAL. 
(Analyses by Drs. Weiler and Strauss, Oxford.) 


Preparation of Thujone.—After a number of experiments the thujone was satisfactorily 
extracted from tansy oil as follows. The oil (150 g.), showing 72% w/w of « ketone C,.H,,O 
by the hydroxylamine hydrochloride method, was added to a saturated sodium bisulphite— 
sulphite solution (150 ml.) and 50 ml. of industrial alcohol, and this mixture shaken during 9 
hours. The bisulphite cake was sucked dry, and washed twice with a mixture of alcohol (2 
parts) and ether (3 parts). This cake (148 g.) was added to a 20% solution of sodium hydroxide 
(1 1.) and ether (100 ml.), and the mixture stirred mechanically for 20 mins. The ethereal 
solution was separated, the alkaline solution again extracted with ether, and the bulked 
extracts dried with sodium sulphate. After removal of solvent, the .thujone (54 g.) distilled at 
76—80°/3 mm., and had nj** 1-4550, di. 0-9186, ap + 70-8°. The ketone showed maximum 
absorption at 2860 a. (e = 14-1) typical of a saturated ketone. There was therefore no evidence 
for the formation of carvotanacetone during its isolation. 

e 
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Action of Sulphuric Acid on Thujone.—In a typical experiment sulphuric acid (60 g.) was 
cooled to 0°, and thujone (20 g.) added slowly with stirring below 5° (cf. Haller, Compt. rend., 
1905, 140, 1630). The mixture was at once poured into ice water (1 1.), and the oil extracted 
with ether. The ethereal solution was washed with water until neutral, dried with sodium 
sulphate, the solvent removed, and the oil distilled. The main fraction (15 g.) had b. p. 
87—90°/3 mm., 228—230°/751 mm., nz" 1-4807, di: 0-9263, a) + 17-6°. The absorption 
spectrum consisted of a band of high intensity at 2375 a. (¢ = 12,000) and a subsidiary inflexion 
near 3100 A. (¢ = 80), the two together being characteristic of «8-unsaturated ketones. 

Examination of the Mixed Semicarbazone.—Semicarbazide hydrochloride (16-5 g.) and 
crystalline sodium acetate (22-5 g.) were dissolved in water (22 ml.), and 37 ml. of alcohol 
added. The warm solution was added to the ketone mixture, prepared from d-thujone as 
described above (22-5 g.), dissolved in 75% alcohol (75 ml.). After standing overnight at 
room temperature, the solution was cooled until no further solid material separated. These 
crystals (8 g.) had m. p. 186—191°, raised by two recrystallisations from methyl alcohol to 
207—208° (decomp.) (Found: N, 19-8. Calc. for C,,H,gON,;: N, 20-1%). The di-2: 3- 
dimethyl-4-isopropyl-A*-cyclopentenone regenerated from this semicarbazone by steam-distil- 
lation in the presence of dilute sulphuric acid had b. p. 87—88°/3 mm., n}” 1-4839, dij. 0-9285, 
&p + 0° (c, 6-5 in alcohol) (Found: C, 78-2; H, 10-6. Calc. for C,gH,,0: C, 78-9; H, 10-5%). 
The semicarbazone showed maximum absorption at 2670 a. (« = 24,800) and the regenerated 
ketone showed ¢ = 12,000 at 2375 a. (see figure). The oxime had m. p. 119° (Wallach, Ber., 
1895, 28, 1958). 

After removal of the crude semicarbazone, the filtrate was poured into water and extracted 
with ether. The oil thus recovered was diluted with light petroleum (300 ml.), and the solution 
cooled for some days until no further crystals separated. These crystals (3-2 g.) had m. p. 
164—166°, raised by repeated crystallisation from methyl alcohol to 173—174° (decomp.) 
(Simonsen and Rau, J., 1922, 121, 876) (Found: N, 19-6. Calc. for C,,H,,ON,: N, 20-1%). 
The d-carvotanacetone regenerated from this semicarbazone had b. p. 86—87°/3 mm., nj” 
1-4797, di8: 0-943, ap + 36° (c, 2-45 in alcohol) (Found: C, 78-8; H, 10-6. Calc. for C,,H,,O: 
C, 78-9; H, 10-56%). The semicarbazone showed maximum absorption at 2680 a. (« = 24,900) 
and the regenerated ketone at 2330 a. (¢ = 9000). 

Removal of the light petroleum from the filtrate produced a viscous yellow oil which gave 
by vacuum distillation 10 g. of oil (b. p. 85—97°/3mm.). This was shaken with 10% sulphuric 
acid and redistilled to give an oil having b. p. 86—88°/2 mm., 1} 1-4840, dif. 0-920, ap + 8-6° 
(Found: C, 79-4; H, 10-8. Calc. for C,gH,,0: C, 78-9; H, 10:5%). The semicarbazone 
had m. p. 207—208°, and the oxime m. p. 119—120° (Found: N, 8-2. Calc. for C,,H,,ON: 
N, 84%). The ketone displayed maximum absorption at 2370 a. (¢ = 13,500) and an inflexion 
(e = 383) at 3020 a., probably largely due to an impurity. The semicarbazone had e,,, 
25,600 at 2640 a. 

The residue left after distillation of the above fraction was dissolved in benzene-light 
petroleum, and after long standing at 0° the crystals (0-6 g.) had m. p. 168—172°, raised to 
206—208° by repeated recrystallisation from methyl alcohol, not depressed by admixture with 
dl-2 : 3-dimethyl-4-isopropyl-A?-cyclopentenone semicarbazone. 

After removal of solvent from the filtrate, 10% sulphuric acid (60 ml.) was added to the 
residue, the mixture steam-distilied, and the oil from the distillate worked up. The product 
(4 g.) had b. p. 87—90°/3 mm., ni" 1-4802, d2%. 0-925, ap + 7° (Found: C, 78-7; H, 10-6. 
Calc. for C,gH,,0: C, 78-9; H, 10: 5%). It showed maximum absorption at 2335 a. (e = 
12,000) and an inflection near 3080 a. (« = 86). It was not possible to obtain a crystalline 
oxime, and the semicarbazone, in spite of repeated crystallisation, was obviously a mixture, 
since the crystals sintered at 130°, began to darken at 145°, and finally melted at 160—161°. 

1-2: 3-Dimethyl-4-isopropyl-A*-cyclopentenone (cf. Rend ond Short, J., 1939, loc. cit.).—Prof. 
Read’s specimen of this compound had b. p. 89°/13 mm., a} —12-72°. The solution in alcohol 
showed Amax, 2310 (« = 6180) and 3100 a. (« = 35). 

Determinations of absorption spectra were made on a Hilger E, quartz spectrograph in 
conjunction with a Spekker photometer, standard methods being used. 


One of us (T. F. W.) is indebted to the Directors of Messrs. Stafford Allen: and Sons, Ltd., 
for facilities and to Mr. J. B. S. Wilson for technical assistance. 


THE UNIVERSITY, MANCHESTER. 
STAFFORD ALLEN AND Sons, Ltp., Lonpon, N. 1. (Received, September 30th, 1941.] 
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144, The Effect of Molecular Environment on the Absorption Spectra 
of Organic Compounds in Solution. Part II. «-Unsaturated Ketones. 


By L. K. Evans and A. E. GILLam. 


The absorption spectra of a number of af-unsaturated ketones have been examined, 
and the new data discussed as a test of Woodward’s recent generalisation (J. Amer. 
Chem. Soc., 1941, 63, 1123) that the nature of the substitution of the chromophoric 
group in these compounds can be predicted from the location of the main absorption 
band. It has been found that, with very few exceptions, Woodward’s main thesis 
holds well, and the generalisation thus extends the usefulness of absorption spectra 
to the structural organic chemist. 

The effect on the absorption spectra produced by substituting simple «8-unsaturated 
ketones with methyl groups stepwise has also been studied. It has been found that 
substitution on the $-carbon atom produces a larger bathochromic effect than does 
substitution on the a-carbon atom. 

The structural implications to be drawn from the observed absorption spectra of 
certain ketophenanthrene derivatives have also been discussed. 


In Part I (J., 1940, 1453) new and old absorption-spectra data on conjugated dienes 
were systematised in order to facilitate their use in the interpretation of the chemical 
structure of unknown dienes. Similar new and already published data on compounds 
containing the related conjugated system C=C-C-O have been collected and considered by 
us, but since we started this work the existing data on compounds containing this 
chromophore have been discussed ,by Woodward (loc. cit.). New absorption-spectra data 
on «f-unsaturated ketones are now brought forward and discussed with the older data 
and in the light of Woodward’s generalisations. 

The characteristic absorption spectra of individual «$-unsaturated carbonyl compounds 
have been known for a considerable time, ¢.g., citral and mesityl oxide (Bielecki and 
Henri, Ber., 1914, 47, 1690; Henri, “‘ Photochimie,” 1919, Paris), but it was Menschick, 
Page, and Bossert (Annalen, 1932, 495, 225) who first clearly suggested that the presence 
of a highly intense absorption band (log « = ca. 4-0) between 2200 and 2500 a. in the 
absorption spectrum of an unsaturated ketone was reasonable evidence of conjugation of 
the ethylene linkage with the carbonyl group. Since then, this test for the chromophoric 
group C=C-C-O has been successfully applied to many compounds of various types. It 
should be remembered, however, that if the substituents on the chromophore are other 
than hydrogen atoms or saturated hydrocarbon residues the absorption band may be 
displaced outside the above limits. It is proposed to review this aspect of the subject in 
a later paper. 

The absorption spectra of saturated ketones are notable for a band of low intensity 
(e of the order of 10—100) situated close to that of acetone near 2750 A., but the location 
of the band is very much influenced by the molecular environment (cf. Ramart-Lucas, 
Bull. Soc. chim., 1932, 51, 289; Gillam, J. Roy. Coll. Sci., 1940, 10, 21; Part I, loc. cit.). 
Ethylene, on the other hand, exhibits an absorption band of high intensity (¢ of the order 
of 10,000) near 1950 a. When, however, an ethylenic and a carbonyl group are con- 
jugated in the same molecule the effect is apparently to displace both bands towards 
longer wave-lengths. Hence, we get the characteristic absorption spectrum of an «f-un- 
saturated ketone (cf. Fig. 1) with its highly intense K-band and its low-intensity R-band 
due to the carbonyl group.* Although the ethylene band is characteristic, the carbonyl 
band is absent in certain special cases (¢.g., ascorbic acid). 

Woodward (loc. cit.) tabulated the wave-lengths of the absorption maxima of some 
fifty compounds of this type, and his analysis of the data shows that these compounds 
fall into three classes, as follows: 

Substitution of the C=C-C=O group. Location of intense absorption band, a. 


Monosubstitution (a or B) 2250 + 50 

‘ Disubstitution (a8 or BB) 2390 + 50 

Trisubstitution (aff) 2540 + 50 
* For definitions of K-bands and R-bands, see Burawoy, J., 1939, 1177. 
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In the course of the present work we have prepared and investigated the absorption 
spectra of further compounds of this type, a number of them specially designed to test the 
effect of substituents (particularly methyl groups) on the light absorption (cf. Table I). 
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Absorption spectra of ethyl-alcoholic solutions of :— Absorption spectra of ethyl-alcoholic solutions of :— 
I. Cedrone. II. 1-Methylcyclohexen-3-one. I. Butylideneacetone. II. Methyl isopropenyl 
III (broken line). Tetrahydroacetophenone. ketone. III. Methyl vinyl ketone. 
TABLE I. 
Absorption spectra of «B-unsaturated ketones in alcohol. 
Substitution 
K-Band. _ R-Band. of C=C-C=-O 
Compound. Amax.: Erpax.: Amax.: fmax.- group.* 
Methyl] vinyl ketone ............ccccccccccccccccscccsees <2190 >3,600 3240 24 H only 
2-Ethyl-Al-hexen-3-One —.......seseseecereccerereeeees 2210 6,460 3200 26 mono, a 
2-Methyl-Al-penten-3-OMe —......seeeceeeeeeeeeeeeeees 2200 7,880 3195 26-7 mono, a 
Methyl isopropenyl] ketone (I) ........s.seseecereevees 2180 8,300 3190 26-5 mono,a 
‘* 2-Methyl-6-methylenecyclohexanone ”’ ¢ ......... 2365 6,840 3230 40 mono, a? 
Ethylideneacetone (II) .........ssssecessececserceeeeees 2240 9,730 3135 37-5 mono, B 
Butylideneacetone (III)  ...........seeeeseceecereeeees 2280 10,600 3100 39 mono, B 
EE ccc.cconnniidecacnestsdocecsccesdscoacnessebuasbbioeks 2280 11,400 3080 100 mono, B 
SANE crarcontinpseunasnntnnterenmnntionananenns a 12000 ‘ (3060) — mono, B 
Mesityl oxide ®(TV) ......ccccccccccccccccccocccccccvecs 2350 14,000 3135 58 di, BB 
1-Methyleyclohexen-3-oMe —......sseseeeeeeeececereee 2350 12,930 3100 48 di, BB 
CORTON ceccsccccccecsccccceccccccccsvovcccocscscococoosuce 2400 9,330 3260 27 di, BB 
2:3:4:6-Tetrahydroacetophenone  ..........+0+++ 2335 9,660 3050 44 di, aB 
3-Methyl-A*-penten-2-one (V) .......ssceceeseeeereees 2295 11,090 3100 42 di, af 
Carvotanacetone ® 1........cccccccccccscccccccccccccccese 2330 9,150 — _ di, of 
CEPT MORO®  ccccccserccevceseovecconscccesscceneceneceses 2375 12,000 3100 80 tri- 
cycloHexylidenecyclohexanone .........+.sesseceeseeee 2575 > 800 _ —_ tri- 
3: 4-Dimethy]-A*-penten-2-one (VI) 2490 >4,000 —_ — + tri- 
1-2 : 3-Dimethyl-4-isopropyl-A?-cyclopentenone * 2310 6,180 3100 35 tri- ? 
(I.) CH,:CMe-CO-CH, (II.) CH,-CH:CH-CO-CH, aR CH,°CH,°CH,°CH:CH:CO-CH, 
(IV.) CMe,:CH-CO-CH, (V.) CHMe:CMe’CO-CH, (VI.) CMe,:;CMe-CO-CH, 


1 Gillam and West, Nature, 1941, 148,114. * Morton, J., 1926, 719. * Gillam and West, pre- 
ceding paper. 4 Burawoy, this vol., p. 20. 
* For significance of a and £, see formula (I) in preceding paper. t See p. 818. 
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It was intended that this survey of the absorption data of «f-unsaturated carbonyl 
compounds should include both aldehydes and ketones, but it has been found that the 
aldehydes present certain anomalies which are being investigated further, and in view of 
this and the scarcity of published light-absorption data on these compounds more data 
are being obtained before attempting a generalisation. 

Examination of the data in Table I shows that Woodward’s generalisation holds in 
the majority of cases; isothujone is apparently exceptional, but there is some doubt 
about its formula (see preceding paper). 

When considering the chromophoric group in an organic compound with a view to 
predicting the probable location of the absorption band the presence of methyl groups is 
relevant since, although normally regarded as transparent groups, these and similar 
saturated radicals exert an environmental 
effect on the absorption due to conjugated 
systems. This effect is almost invariably 
bathochromic, and in the case of the con- 
jugated dienes (see Part I, loc. cit.) the 
increment for a methyl group is 50—100 a., 
a value comparable with that observed by 
Kuhn and Grundmann (Ber., 1937, 70, 
1318) for the carotenoid series; where it is 
found that a methyl group exerts a batho- 
chromic effect equivalent to about one 
quarter of that produced by a conjugated 
ethylenic linkage. 

Woodward's data show that the replace- 
ment of one hydrogen atom by a single 
alkyl or substituted-alkyl group results in 
a bathochromic displacement of the ab- 
sorption band which on the average amounts 
to 150 a. Data on the following set of , 
simple unsaturated ketones demonstrate ‘ W 
the effect of introducing methyl groups = 
stepwise, and it is clear that in individual 2200 2500 aA. 5000 3500 
cases there are wide variations from the Absorption spectra of ethyl-alcoholic solutions of :— 
average increment; ¢.g., for one methyl I. Ethylideneacetone. II. 3- -Methyl-A*-penten-2-one. 
group in this set of compounds the incre- a - 7 ite: (broken 
ment ranges from 50 to 195 a. One ‘*”*)- nist tennne Wa 
generalisation stands out clearly within this rather limited series, viz., that replacement of 
hydrogen by methyl on the 8-carbon atom produces a greater displacement of the absorp- 
tion band than does substitution on the «a-carbon atom, and further, that the difference 
between a- and @-substitution is approximately constant at 55 A. in each of the three 
pairs of compounds considered (cf. Table IT). 


Fic. 3. 



































TABLE II. 
Awax, Of Amax. Of 
Compound. K-band, a. K-band, a. 

CH,-CH-CO-CH,g .....2...000006 A. <2190 CHMe‘CMe-CO-CH,g ......... D. 2295 
CH,:CMe-CO-CH, _.........40. B. 2180 CMe,:CH°CO’CHg. .......00006 E. 2350 
CHMe:CH:CO°CH,g ..........+- Cc. 2240 CMe,:-CMe-CO’CH,g ........00++ F. 2490 

a-Substitution. B-Substitution. Greater displacement due to £-substitution. 

AtoB=*A. AtoC =%#+ 504. 50 A. 

C toD = 55a. BtoD = 115a. 60 a. 

EtoF = 140a. DtoF = 195 a. 55 a. 


In order to confirm the first generalisation, it was decided to prepare and examine one 
or more further a-substituted compounds, 2-ethyl-A}-hexen-3-one and 2-methyl-A?-penten- 
3-one being chosen as representative examples. The absorption-spectra results are shown 
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in Table I and it will be seen that, as expected, these compounds have their main absorp- 
tion band situated at shorter wave-lengths than is usual with similar §-substituted 
derivatives. 

A further compound of this type which has also been examined is “‘ 2-methyl-6-methyl- 
enecyclohexanone,”’ which, according to du Feu, McQuillin, and Robinson (J., 1937, 53), 
is obtained when the Mannich reaction is carried out with 2-methylcyclphexanone and 
diethylamine hydrochloride. The final product (see p. 820) was found to exhibit an 
absorption maximum at 2365 a. (¢ = 6840), which would be more consistent with .a 
disubstituted «f-unsaturated ketone (2390 + 50 a.) than with the 6-substituted compound 
believed to be present by du Feu ef al. (loc. cit.). It seems probable in the light of this 
spectroscopic evidence that the exocylic ethylene linkage has moved into the ring to give 
(VII)—containing a disubstituted C-C-C-O group— instead of (VIII), and thus that we 
are not dealing with the «$-unsaturated ketone that was expected. 


CH, CH, CH, 


a ‘a cH, 


According to Dimroth, Resin, and Zetsch (Ber., 1940, 78, 1899; from Chem. Abs., 
1941, 35, 2866), the product obtained by Mannich from cyclohexanone is not the expected 
methylenecyclohexanone but the saturated o-methylcyclohexanone, whilst other methods 
give the dimeric ketone (IX). It is clear that the ketone prepared by us is not analogous 
with either of these two compounds, both of which should show only the low-intensity 
absorption band due to the isolated carbonyl group. 

In the course of work on the stereoisomerism of the perhydrophenanthrenes, Linstead 
and Walpole (J., 1939, 842) prepared two isomeric unsaturated ketones of m. p.’s 39° 
and 94° severally. Absorption-spectra data showed that the compounds were in fact 


on SYD wh, 


(X.) (XI.) (XIL.) 


af-unsaturated ketones, and from the chemical evidence their structures could be repre- 
sented by (X) and (XI). These authors incline to the view, on evidence which is, as they 
point out, by no means conclusive, that the compound of m. p. 94° is (X) and that of 
m. p. 39° is (XI). This is a case in which Woodward’s rule can be applied, since (X) is 
a disubstituted «6-unsaturated ketone, whereas (XI) has a trisubstituted C=C-C-O group 
and should therefore have its absorption maximum situated at longer wave-lengths than 
(X). In fact, Linstead and Walpole record that the absorption maxima of the two 
compounds are situated at 2410 a. for the compound of m. p. 39° and at 2470 a. for that 
of m. p. 94°.. The solvent in which the absorption measurements were made is not 
recorded, but if it be assumed to be ethyl alcohol, the two compounds fall into line 
- approximately as di- and tri-substituted «$-unsaturated ketones. Whatever the solvent, 
the absorption-spectra evidence indicates that the high-melting compound (which absorbs 
at longer wave-lengths) is represented by (XI) and the low-melting one by (X), a finding 
contrary to the other, admittedly inconclusive, evidence. 

A third isomeric ketododecahydrophenanthrene, of m. p. 89°, had been prepared by 
Rapson and Robinson (J., 1935, 1285) who, on chemical grounds, assigned to it the 
formula (XII), which contains a disubstituted C-C-C=O chromophore. The absorption 
spectrum (Amex. 2380 A., log enax, 4:14) was recorded by Linstead and Walpole, who 
conclude from this that the compound contains an «$-unsaturated ketone group. The 
location of the absorption band shows by Woodward’s rule that the compound is a 
disubstituted «8-unsaturated ketone and thus lends support to the formulation (XII). 
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One other question arises in connection with the absorption spectra of «B-unsaturated 
ketones, viz., whether the regular relation which Woodward has shown to exist between 
molecular structure in these compounds and the location of the short-wave absorption 
band also affects the location of the band dug to the carbonyl group. Examination of 
the data in Table I, however, shows that such a regularity is entirely lacking. 


EXPERIMENTAL. 


Ethylideneacetone (II) was prepared by condensation of acetone and acetaldehyde in the 
presence of sodium hydroxide (Grignard and Fluchaire, Ann. Chim., 1928, 9, 5); dehydration 
was completed by distilling the solvent-free material over solid oxalic acid, a product of b. p. 
110—140° being obtained. Two further fractionations through a short column gave a 
constant-boiling fraction, b. p. 122°. 

Methyl vinyl ketone. A commercial sample was twice distilled in nitrogen under atmospheric 
pressure, a column being used; the main product boiled at 79—80°. 

3-Methyl-A®-penten-2-one (V) was prepared by the method of Hinkel e¢ al. (J., 1931, 817). 
The crude product (b. p. <160°) on fractionation gave the main bulk, b. p. 130—145°, and 

on redistillation a main fraction, b. p. 138°. Semicarbazone, m. p. ca. 200° (decomp.). 

Butylideneacetone (III) was prepared by condensation of butaldehyde (obtained by oxid- 
ation of n-butyl alcohol) and acetone in the presence of sodium hydroxide (cf. Weizmann and 
Garrard, J., 1920, 117, 334). The main product boiled at 140—180°, and after two fraction- 
ations had b. p. 157°. Semicarbazone, m. p. 116—117°. 

2:3:4:5-Tetvahydvoacetophenone (Darzens, Compt. rvend., 1910, 150, 707). Acetyl 
chloride and cyclohexene were condensed together in carbon disulphide solution, stannic 
chloride being the agent. After treatment with water, the solvent was removed, the residue 
refluxed with dimethylaniline, and the product distilled. The crude product had b. p. 
190—210°, and after three fractionations the main bulk boiled at 200—202° and was finally 
distilled in a vacuum. Semicarbazone, m. p. 220—221°. 

3 : 4-Dimethyl-A-penten-2-one (VI). Trimethylethylene was prepared by dehydrating 
amylene hydrate with 30% sulphuric acid (cf. Norris and Reuter, J]. Amer. Chem. Soc., 1927, 49, 
2630). The product (b. p. 37°) was condensed with acetyl chloride by means of stannic 
chloride, the mixture being meanwhile cooled in ice (cf. Colonge and Mostafi, Bull. Soc. chim., 
1939, 6, 335). The mixture was hydrolysed with hydrochloric acid (15%), and, after being 
washed with water and sodium bicarbonate, was dried and vacuum distilled. The fraction, 
b. p. <40°/30 mm., was refluxed with dimethylaniline and fractionated, giving a main fraction, 
b. p. 140—150°/760 mm. The ketone was converted into the semicarbazone (m. p. 140—160°), 
which after six recrystallisations had m. p. >170°; 22 recrystallisations raised the m. p. to 
190—193° (lit., 199°). The ketone was regenerated from the semicarbazone, m. p. >170°, 
with oxalic acid (20%), followed by ether extraction, but the best fraction (b. p. 140—150°) 
when examined spectroscopically gave a value for e,,, of only 4000 at Anax 2490 A. No more 
intensely absorbing fractions were obtained, although the low value of ¢ suggests that the 
material was far from pure. 

Methyl isopropenyl ketone (I). This compound was prepared by Decombe’s method (Compt. 
vend., 1936, 202, 1685). Condensation of methyl ethyl ketone with formaldehyde was effected 
by shaking for 14 days with potassium carbonate in the cold (D.R.P. 223,207). The pure 
ketone had b. p. 93° and was submitted to a final distillation under reduced pressure in an 
atmosphere of nitrogen immediately before being examined spectroscopically. Semicarbazone, 
m. p. 174—176°. 

cycloHexylidenecyclohexan-2-one was prepared by passing dry hydrogen chloride through 
cooled cyclohexanone for 24 hours (Zelinski, Shuiken, and Fataev, J. Gen. Chem., U.S.S.R., 

1932, 2, 671). After treatment of the brown oil with water, the resulting semi-solid hydro- 
chloride was filtered off and treated with excess of sodium carbonate solution, followed by 
ether extraction. The purified product had b. p. 147° and an « value of only 800. This low 
intensity of absorption suggests the predominance of an unconjugated isomer. 

1-Methylcyclohexen-3-one. Methylene diacetoacetic ester was prepared by condensation of 
acetoacetic ester with formaldehyde in the presence of a trace of piperidine (cf. Knoevenagel 
and Klages, Annalen, 1894, 281, 94). The crude product was decarboxylated and ring-closed 
by boiling with sulphuric acid (10%). The purified ketone had b. p. 195—197°, and imme- 
diately before spectroscopic examination was redistilled under reduced pressure in nitrogen 
(b. p. 97—98°/27 mm.). 
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Cedrone. The sample, for which we are indebted to Dr. T. F. West, had the following 
constants: m. p. 30—31°, b. p. 130—131°/2 mm., [a]p — 69-4°, nf" 1-5118 (Found: C, 82-5; 
H, 10-1. Calc. for C,sH,,0: C, 82-6; H, 10-1%). The absorption spectrum (Fig. 1 and 
Table I) is typical of a disubstituted af-unsaturated ketone and supports the structure 


C,,H, Cyc established on chemical grounds by Ruzicka and van Melsen (Amnalen, 


1929, 471, 54). 

a-Ionone. The absorption spectrum of this compound has recently been reported by 
Burawoy (this vol., p. 20) but only the K-band was recorded. The ketone band is also present, 
but only as an inflexion of negligible persistence. On account of this lack of persistence and 
the marked overlap of the intense K-band it is not possible to give even an approximate value 
of ¢ for the R-band. 

2-Methyl-6-methylenecyclohexanone was prepared by du Feu, McQuillin, and Robinson’s 
method (J., 1937, 53) from 2-methylcyclohexanone. This compound (40 g.) was mixed with 
diethylamine hydrochloride (19-6 g.), paraformaldehyde (6-5 g.), and cyclohexanol (100 g.), 
and the mixture heated at 110° for 2 hours. After addition of water and ether to the cooled 
product, the aqueous layer was separated and concentrated, leaving a thick oil, some of which 
later crystallised. The oil was heated under reduced pressure and distilled, the aqueous 
distillate being dried before being again distilled ina vacuum. Most of it boiled over a narrow 
range (yield 6 c.c., ¢ of the order of 6000). After a further fractionation, the main product 
had b. p. 85—87°/30 mm. and gave an absorption band, Ansgx, 2365 A., « = 6840. 

2-Ethyl-A1-hexen-3-one, CH,;-CH,-CH,°CO-CEt:CH,. Butyrone, prepared by the method 
of Senderens (Ann. Chim. Phys., 1913, 28, 243), was dried, distilled (b. p. 144°), and treated 
with 30% formalin, acetic acid, and dry hydrogen chloride and allowed to stand (Colonge, 
Bull. Soc. chim., 1936, 3, 2116). The separated ketone was dried, and distilled in a vacuum, 
the fraction, b. p. <90°/14 mm., being re-treated with formalin and hydrogen chloride. The 
main product, consisting largely of 1-chloro-2-ethylhexanone, had b. p. 95—105°/16 mm., and 
this was heated with diethylaniline and fractionated, the product being washed with dilute 
acid to remove any diethylaniline and again fractionated (b. p. 155°/760 mm.). 

2-Methyl-A1-penten-3-one, CH;-CH,*CO-CMe:CH,. Diethyl ketone was prepared by passing 
propionic acid over thoria—pumice at 400—420° (cf. Senderens, loc. cit.) (yield ca. 80%, b. p. 
104—106°). The chloro-ketone was obtained as above by Colonge’s method (loc. cit.) and had 
b. p. 683—64°/12 mm. After treatment with diethylaniline as above, the purified product had 
b. p. 120—122°/760 mm. 

Absorption Spectra.—These were determined with a Hilger E3 quartz spectrograph and a 
Spekker photometer by standard methods. Specially purified ethyl alcohol was used as 
solvent in all cases. 


The authors are indebted to Dr. T. F. West and the Directors of Messrs. Stafford Allen and 
Sons, Ltd., London, for the pure specimens of cedrone and «-ionone. 


THE UNIVERSITY, MANCHESTER. [Received, September 30th, 1941.] 





145. The Associating Effect of the Hydrogen Atom. Part IX. The 
N-H-N Bond. Virtual Tautomerism of the Formazyl Compounds. 


By Louis HuNTER and Cart B. ROBERTS. 


On the grounds of their physical properties and the isolation of chelate metallic 
derivatives (see next paper), the formazyl compounds are assigned an internally 
co-ordinated (hydrogen-bond) structure, which accounts for their virtual tautomerism. 
Three pairs of alleged isomers are shown to be, in fact, three single individuals; a 
fourth pair, though not re-examined, probably permits of similar simplification. 


THE nomenclature and structure of the formazyl derivatives are given unusual prominence 
in the introduction to Beilstein’s Handbuch (4th Edn., Vol. XVI, pp. 4—6), and from 
this and the subsequent details of individual compounds it is evident that the question 
of their structure is somewhat confused. 
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The formazyls are usually prepared by the coupling of a diazonium compound with an 
aldehydearylhydrazone, and it would appear that two isomeric formazyls are capable of 
synthesis by the schemes : 


CHRIN-NHAr ——-> Ar’NIN-CR!N‘NHAr (1) 
CHRIN-NHAr ———> Ar-NIN-CRIN‘NHAr’ (IL) 


In practice, however, it is fairly generally agreed that (I) and (II) are identical, and 
v. Pechmann (Ber., 1895, 28, 876) suggested that the case is one of virtual tautomerism, 
and that (I) and (II) bear the same relationship as the tautomers of the amidines and 
those of the diazoamino-compounds. This means that the imino-hydrogen atom repre- 
sented as permanently attached to a specific nitrogen atom in (I) and (II) is not, in fact, 
so attached, but is alternately bound to the two nitrogen atoms as indicated in the 
tautomeric equilibrium (I) == (II). That this view of the tautomerism of the formazyls 
is not universally accepted is evident from the isolation, subsequent to v. Pechmann’s 
publication, of a number of pairs of alleged isomers with structures corresponding to (I) 
and (II). 

1s the course of developing a new classification of tautomeric systems (Hunter, Chem. 
and Ind., 1941, 60, 32), it was deemed desirable to re-examine the structure of the form- 
azyls. It appeared possible that their virtual tautomerism might be attributable to an 
internally co-ordinated structure such that the tautomeric (imino-) hydrogen atom forms 
a hydrogen bond with one of the azo-nitrogen atoms. That it is favourably situated to 
do this is evident from formula (III), in which a and b are the two components of the 


y, —NAr 
RC SH 

\N=NAr’ 
(0) 


resonance hybrid. This formulation would explain satisfactorily not only the identity of 
the product obtained by the two routes (I) and (II), but also the alternative products of 
hydrolytic and reductive fission cited by v. Pechmann and Runge (Ber., 1894, 27, 1696) 
as evidence of the virtual tautomerism of the formazyl compounds. 

Examination of the formazyls shows that they do indeed possess a chelate structure, 
a conclusion based on the following evidence. 

1. A series of metallic derivatives has been prepared from the formazyls by replace- 
ment of the imino-hydrogen atom by 1 equiv. of metal. From their properties (see next 
paper) these derivatives are typically chelate, and must be formulated as (IV; M = 
x-valent metal). This is taken to be very strong evidence for a similar structure in the 
parent hydrogen compounds. 

2. In spite of their high molecular weights (e.g., diphenylformazylbenzene = 300), the 
formazyls are remarkably soluble in organic solvents. In contrast, p-benzeneazobenz- 
aldehydephenylhydrazone (isomeric with diphenylformazylbenzene), the constitution of 
which precludes a chelate structure, is very sparingly soluble (Freundlich, Compt. rend., 
1902, 134, 1360). 

3. Measurement of molecular weight of the formazyls over a range of concentration 
in benzene solution reveals that they are substantially unimolecular. This must be due 
- to internal satisfaction of the donor (azo-nitrogen) and acceptor (imino-hydrogen) centres. 
Cases of substituted arylhydrazones where such internal satisfaction is not structurally 
possible, and thus resulting in molecular association, have been quoted in Part V (J., 
1940, 166). 

The above explanation of the virtual tautomerism of the formazyl compounds would 
be gravely inadequate without some re-examination of the pairs of alleged isomers, men- 
tioned above, corresponding to the structures (I) and (II). So far as we are aware, there 
have been four such pairs reported, details of which are contained in the following table. 
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Structure claimed. M. p. Authors. 
NPh:N-CPh:N-NH:-C,,H,(a) 168° . , 
NHPh:N:CPh:N:N-C,,H, (a) 173 } Fichter and Schiess, Ber., 1900, 33, 761 


NPh:N-CPh:N:NH:C,.H,(8) 150 \ Fichter and Frohlich, Z. Farb. Text. Chem., 
NHPh:N:CPh:N:N-C,,H,(8) 172 § 1903, 2, 251 

NPh:N-CPh:N-NH-C,H,Br(p) 191 \ Busch and Schmidt, J. pr. Chem., 1931, 181, 
NHPh-N:CPhN:N-C,H,Br(?) 1g9 {182 

NPh:N-CPh:N-NH°C,H,°SO,Na(p) ca. 135 . . . 
NHPh-N:CPh:N:N-CyH,"SO,Na(p) ca. 165 } Fichter and Schiess, loc. cit. 


The first three of these pairs have been thoroughly investigated (see Experimental), 
and there seems little doubt that the lower-melting compound of each pair is in reality 
an impure form of the higher-melting compound, and that in fact only one substance 
exists. The last pair was not re-examined, since it was not expected that a satisfactory 
method of proving the identity of these sodium sulphonates could be devised. Never- 
theless, the original authors’ distinction between the alleged isomers rests solely on differ- 
ences in very doubtful melting points, and on slightly different shades of dyeing silk or 
wool. It is significant that both so-called isomers undergo cyclisation to yield the same 
phenylbenztriazine (Fichter and Schiess, Joc. cit.), whereas if they were different individuals 
one would be expected to yield the triazine sulphonate. 


EXPERIMENTAL. 


The first three pairs of alleged isomers (see table) were prepared by the alternative schemes 
outlined in (I) and (II), the products being shown to be identical. 

Phenyl-a-naphthylformazylbenzene.—(a) By coupling a-naphthalenediazonium chloride with 
benzaldehydephenylhydrazone. Benzaldehyde (10-6 g.) and phenylhydrazine (10-8 g.) were 
mixed in a small quantity of alcohol, warmed for a short time, and diluted with alcohol to 1 1. 
The diazonium salt solution was prepared from a-naphthylamine (14-3 g.), hydrochloric acid 
(50 c.c.), and sodium nitrite (8 g.) in water. The two solutions were run at equivalent rates 
with mechanical stirring into a solution of sodium hydroxide (45 g.) in the minimum of water, 
diluted with alcohol (300 c.c.). The mixture was kept overnight, and the crude formazyl 
compound was then separated, and crystallised whilst still moist from aqueous acetone (char- 
coal). It formed brownish-purple microcrystals with a green reflex from chloroform—alcohol ; 
m. p. 170—171°. 

(b) By coupling benzenediazonium chloride with benzaldehyde-a-naphthylhydrazone. This 
preparation gave some difficulty, owing chiefly to the relative insolubility of the hydrazone, 
and partly to the tendency for the diazonium salt to couple at positions other than the methine 
hydrogen atom. As a result, the product is frequently an oil which slowly solidifies, and this 
fact undoubtedly accounts for the mistaken identity of the substance prepared by Fichter and 
Schiess (loc. cit.). The method finally adopted was as follows, Benzaldehyde-«-naphthyl- 
hydrazone (17 g.) in alcohol (800 c.c.) was mixed with a solution of sodium hydroxide (20 g.) 
in the least amount of water diluted with alcohol (200 c.c.). To the cooled and stirred mixture 
was slowly added a solution of benzenediazonium chloride prepared from aniline (7 g.). After 
standing overnight, the resulting solid was filtered off and recrystallised from benzene. A 
black insoluble portion, m. p. 188°, formed about one-third of the total, and was not further 
examined; the main bulk of the formazyl compound was recrystallised many times from 
benzene-alcohol, and finally from acetone—-water. It formed a purple solid with a greenish 
reflex; m. p. 170°. 

The identity of the substances produced in methods (a) and (b) was shown by the fact 
that they yielded identical metallic derivatives (see next paper), and that mixed m. p.’s on 
three intermediate compositions all lay between 170° and 171°. 

Phenyl-B-naphthylformazylbenzene.—(a) By coupling B-naphthalenediazonium chloride with 
benzaldehydephenylhydrazone. The crude product (m. p. 158°) was repeatedly recrystallised 
from acetone—water and chloroform—alcohol, yielding a purple-brown microcrystalline solid, 
m. p. 170°. 

(b) By coupling benzenediazonium chloride with benzaldehyde-B-naphthylhydrazone. After 
six recrystallisations from chloroform—alcohol the product formed a purple-brown crystalline 
solid with a green reflex, m. p. 169—170°. . 

The identity of these two products was confirmed by the derivation of identical metallic 
compounds (see next paper), and by the sharpness of the m. p.’s of three intermediate mixtures, 
all lying between 169° and 170°. P 





[1941] The Azo-group as a Chelating Group. Part V. 823 


Phenyl-p-bromophenylformazylbenzene.—(a) By coupling benzenediazonium chloride with benz- 
aldehyde-p-bromophenylhydrazone. The product formed a greenish-purple, crystalline solid, 
m. p. 188°. ; 

(b) By coupling p-bromobenzenediazonium chloride with benzaldehydephenylhydrazone. The 
product crystallised from chloroform—alcohol as a purple-brown solid, but when crystallised 
from acetone—water it had a greenish reflex; m. p. 187°. 

The identity of these two substances was shown as in the foregoing cases, the m. p.’s of 
three intermediate mixtures all lying between 187° and 188°. 

Molecular-weight Data.—The unimolecular state of the formazyl derivatives is deduced 
from cryoscopic measurements in benzene solution on the following three compounds. 


Diphenylformazylbenzeg# (Calc. : M, 300). 
G. of solute/100 g. of benzene ; 2-12 3-39 4-63 
Apparent molecular weight 297 292 299 
Phenyl-p-tolylformazylbenzene (Calc. : M, 314). 
G. of solute/100 g. of benzene 5 2-01 3°31 4-56 5-79 
Apparent molecular weight 305 297 308 316 
Phenyl-p-methoxyphenylformazylbenzene (Calc. : M, 330). 


G. of solute/100 g. of benzene ° 2-00 3-28 4-76 6-01 
Apparent molecular weight 339 332 339 347 


Grateful acknowledgment is made to the University of London for a grant (to L. H.) from 
the Dixon Fund, and to the Leicestershire Education Committee for a maintenance grant (to. 
C. B. R.). 
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146. The Azo-growp as a Chelating Group. Part V. Metallic 
Derivatives of Arylazo-oximes and of Formazyl Compounds. 


By Louis HUNTER and CARL B. ROBERTs. 


Cobaltic complexes of six arylazo-aldoximes and cupric, nickel and cobaltous 
complexes of six formazyl compounds are described. From their properties they 
are shown to be co-ordination compounds, the central metal atom deriving electrons 
from one of the azo-nitrogen atoms. 


THE reactivity of the methin-hydrogen atom of the aldehydearylhydrazones towards 
substituting agents is illustrated by the action of nitrous acid to give arylazo-oximes 
(Bamberger and Pemsel, Ber., 1903, 36, 62) and of diazonium salts to give formazyl 
compounds (v. Pechmann, Ber., 1894, 27, 1690). The products thus formed have in 
common their tautomeric character, and an ability to yield metallic derivatives the 
co-ordinated nature of which provides further examples of the electron-donor properties 
of the azo-group. 

The Arylazo-oximes.—The preparation of the arylazo-oximes as nitroso-compounds,\and 
their reactivity as oximes, would seem to indicate an internally co-ordinated structure 
(I or II). On stereochemical grounds the six-membered system in (I), involving as it does 

N—NR’ N=NR’ , — wR’ 
cl ia’ as 
RC \y RK oH R ae 


N=0" be N—O | 


¥ 
(II.) O 


the comparatively stable N-H-O bond, is probably to be preferred to the five-membered 
system in (II), which possesses the less stable N-H-N bond. However this may be, a 
co-ordinated structure for the arylazo-oximes receives support from their physical pro- 
perties: they are very soluble in hydrocarbon solvents, have relatively low melting 
points, and in certain cases are volatile without decomposition. Above all, however, by 
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the replacement of their acidic hydrogen atom, they yield metallic derivatives which, by 
their low melting points and their high solubility in organic solvents, without doubt 
possess a chelate structure. Six well-defined cobaltic complexes are described, and 
numerous impure copper and nickel derivatives were obtained but not thoroughly 
examined. A choice between five- and six-membered formulation of the cobaltic com- 
plexes is not possible on the existing data, but by reason of their close analogy with the 
cobaltic complexes of the o-hydroxyazo-compounds (III) described in Part I (J., 1935, 
N=—NR N=NR’ N=NAr 
Was > |Co RK 7 | ef Meee 
a eae N—O J, N—NAr’ J, 
(III.) (IV.) (V.) 
1598), we ascribe to them a similar formulation (IV). 

The Formazyl Compounds.—The constitution of these compounds has been fully 
discussed in the preceding paper. The conclusions reached are mainly based on the 
isolation of metallic (copper, nickel, and cobalt) derivatives which are described in the 
present paper. These are highly coloured solids with definite melting points, insoluble 
in water, but readily soluble in organic solvents; their composition indicates replacement 
of the imino-hydrogen atom of the parent formazyl compounds by an equivalent of metal. 
From these properties we conclude that they possess the structure (V; M = metal). 

Whereas the cobalt complexes (IV) derived from the arylazo-aldoximes are invariably 
cobaltic (even in the absence of an oxidising agent), those derived from the formazyl 
compounds are cobaltous (Vv; M=Co). There seems little doubt that the urge to 
acquire a rare-gas structure, satisfied in (IV), is frustrated in (V) by the steric interference 
of the numerous aryl groups surrounding the central metal atom. For the same reason 
it would appear that the distribution of the valencies around the metallic atom in (V) 
can scarcely be planar. 

EXPERIMENTAL. 


Nitrogen analyses were performed by Drs. Weiler and Strauss, Oxford. Metals were 
estimated, after destruction of organic matter under Kjeldahl conditions, by gravimetric 
analysis with the following organic precipitants : salicylaldoxime for copper; dimethylglyoxime 
for nickel; anthranilic acid for cobalt (Funk and Ditt, Z. anal. Chem., 1933, 91, 332; 1933, 
93, 241). 

The arylazoaldoximes used in this work were prepared by the method of Bamberger and 
Pemsel (loc. cit.); the following have not previously been described: Benzeneazopiperonald- 
oxime. Piperonalphenylhydrazone (10 g.) was added to a solution of sodium (1-5 g.) in absolute 
alcohol (100 c.c.), amyl nitrite (12 c.c.) poured in, and the mixture refluxed for 20 minutes. 
After cooling and filtering, the solution was poured into ice-water (300 c.c.) containing 2N-caustic 
soda (20 c.c.), and kept overnight. Amyl alcohol was then removed by extraction with ether, 
and the aqueous liquor acidified to precipitate the crude azo-comipound. After numerous 
crystallisations from alcohol (charcoal), it formed micro-crystalline, fawn nodules, m. p. 138° 
(decomp.) (Found: N, 15-5. C,,H,,0O;N; requires N, 15-6%). Yield, 4 g. from 45 g. of the 
phenylhydrazone. 

Benzeneazo-p-tolualdoxime, prepared similarly by the nitrosation of p-tolualdehydephenyl- 
hydrazone, and repeatedly crystallised from alcohol, formed brick-red needles, m. p. 133° 
(decomp.) from benzene—petrol (Found: N, 17-6. C,,H,,ON,; requires N, 17-6%). Yield, 
10 g. from 70 g. of the hydrazone. * 

p-T olueneazobenzaldoxime, prepared by the nitrosation of benzaldehyde-p-tolylhydrazone, 
formed orange-yellow needles, m. p. 111° (decomp.), from alcohol (Found : N, 17-0%). 

Cobaltic Complexes of the Arylazo-oximes.—These were prepared from six parent arylazo- 
aldoximes by mixing a moderate excess of an aqueous alcoholic solution (filtered) of cobalt 
acetate with a hot alcoholic solution of the azo-compound. The complex was immediately 
precipitated, and after cooling the liquid was filtered; a further crop could be obtained by 
diluting the filtrate and keeping it overnight. 

(1) The cobaltic complex from benzeneazoacetaldoxime formed reddish-purple needles with 
a green reflex, m. p. 238° (decomp.), from hot aqueous alcohol (Found: N, 23-4; Co, 10-6. 
C,,H,,0O;N,Co requires N, 23-1; Co, 108%). It was readily soluble in benzene, chloroform, 
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carbon tetrachloride, and acetone, less soluble in alcohol, and insoluble in water or light 
petroleum. 

(2) The cobaltic complex from benzeneazobenzaldoxime formed a purple-brown amorphous 
powder, m. p. 133°, from cold acetone by precipitation with water (Found: N, 17-3; Co, 8-2. 
C3,H,,0,N,Co requires N, 17-2; Co, 8-1%), readily soluble in benzene, chloroform and acetone, 
fairly soluble in alcohol, ether, or light petroleum, and insoluble in water. 

(3) The cobaltic complex from benzeneazo-p-tolualdoxime formed an amorphous purple- 
brown powder, m. p. 149°, from alcohol (Found: N, 16-0; Co, 7-5. CC, ,H;,0,N,Co requires 
N, 16:3; Co, 7-6%), readily soluble in benzene, chloroform, and acetone, but aparingly soluble 
in alcohol. 

(4) The cobaltic complex from benzeneazoanisaldoxime formed a brownish-purple powder, 
m. p. 210° (decomp.) (Found: N, 15-2; Co, 7:2. C,H ;,0,N,Co requires N, 15-3; Co, 7:2%), 
very soluble in benzene and acetone, sparingly in alcohol. 

(5) The cobaltic complex from benzeneazopiperonaldoxime formed a purple-brown amor- 
phous powder, m. p. 145° (Found: N, 14-4; Co, 6-8. C,,H;,0,N,Co requires N, 14-6; Co, 
6-8%), readily soluble in benzene, chloroform, or acetone, but almost insoluble in alcohol. 

(6) The cobaltic complex from p-tolueneazobenzaldoxime formed a purple-brown amorphous 
powder, m. p. 145° (Found: N, 16-1; Co, 7-6. C,,H;,0,N,Co requires N, 16-3; Co, 7-6%), 
readily soluble in benzene or chloroform, less soluble in acetone, and almost insoluble in 
alcohol. 

Metallic Complexes of the Formazyl Compounds.—Nickel complexes. These were obtained 
by refluxing an acetone solution of the formazyl compound with an aqueous alcoholic 
solution of nickel acetate for 1—3 hours. The complex appeared as a precipitate, which was 
collected and washed with alcohol, and finally with cold dilute hydrochloric acid to remove 
traces of basic nickel salts. They were black substances, insoluble in water and in cold 
alcohol, acetone, petrol, and benzene, but moderately soluble in hot chloroform. They gave 
dark green solutions in concentrated sulphuric acid. 

(1) Diphenylformazylbenzene gave a black crystalline solid with a greenish reflex, m. p. 
300° (decomp.) (Found: N, 16-9; Ni, 8-6. C,,H;,N,Ni requires N, 17-1; Ni, 8-9%). 

(2) Phenyl-p-tolylformazylbenzene gave black needles, m. p. 287° (decomp.) (Found: Ni, 
8-5. Cy H,,N,Ni requires Ni, 8-6%). 

(3) Phenyl-p-methoxyphenylformazylbenzene gave black needles with a green reflex, m. p. 
273° (decomp.) (Found: Ni, 8-1. Cy gH;,0,N,Ni requires Ni, 8-2%). 

(4) Phenyl-p-bromophenylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical nickel complexes as a black crystalline solid with a green reflex, m. p. 278° 
(decomp.) (Found: Ni, 7-1, 73. C,,H,,N,Br,Ni requires Ni, 7-2%). 

(5) Phenyl-«-naphthylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical nickel complexes as a black micro-crystalline powder, m. p. 262° (decomp.) 
(Found : Ni, 7-8, 7°8. C,,H,,N,Ni reqfires Ni, 7°75%). 

(6) Phenyl-8-naphthylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical nickel complexes as a black microcrystalline powder, m. p. 277° (Found: Ni, 
7-7, 78%). 

Cobaltous complexes. These were obtained from hot solutions of the formazyl compounds 
and cobalt acetate, exactly as for the nickel complexes. They were black substances, insoluble 
in water, alcohol, or light petroleum, but soluble in benzene, chloroform, or r pyridine to yield 
brown solutions. 

(1) Diphenylformazylbenzene gave black needles with a green ilies m. p. 228—230°, 
from acetone by precipitation with water (Found: N, 17-3; Co, 9-1. C3,HsgN,Co requires 
N, 17-1; Co, 90%). 

(2) Phenyl-p-tolylformazylbenzene gave black needles, “m. p. 238° (Found: N, 16-0; Co, 
8-5. C,yH,,N,Co requires N, 16-4; Co, 8-6%). 

(3) Phenyl-p-methoxyphenylformazylbenzene gave black crystals with a green reflex, m. p. 
233° (decomp.) (Found: N, 15-4; Co, 8-2. C,gH,;,O,N,Co requires N, 15-6; Co, 8-2%). 

(4) Phenyl-p-bromophenylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical cobalt complexes as black crystals, m. p. 192° (decomp.) (Found: Co, 7-0. 
C33H,,N,Br,Co requires Co, 7:2%). 

(5) Phenyl-«-naphthylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical cobalt complexes as a black microcrystalline powder, m. p. 190° (decomp.), 
from chloroform-light petroleum (Found: N, 14-4; Co, 7-5. C,gHs,N,Co requires N, 14-8; 
Co, 7-7%). 

31 
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(6) Phenyl-8-naphthylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical cobalt complexes as a black microcrystalline powder, m. p. 186° (decomp.), 
from chloroform-light petroleum (Found: N, 14-6; Co, 7-6%). 

Cupric complexes. These were obtained by mixing a warm solution of the formazyl com- 
pound in acetone with a slight excess of cupric acetate in hot aqueous alcohol. The complex 
was immediately precipitated and after short standing was separated and washed with aqueous 
alcohol and finally with water. 

(1) Diphenylformazylbenzene gave black needles with a green reflex, m. p. 158°, readily 
soluble in benzene, chloroform, and acetone, but less soluble in alcohol and light petroleum 
(Found: N, 16-9; Cu, 10-1. C,,H,3N,Cu requires N, 16-9; Cu, 9-6%). 

(2) Phenyl-p-tolylformazylbenzene gave black needles, m. p. 156° (Found: Cu, 9-4. 
CyoH,N gCu requires Cu, 9-2%). 

(3) Phenyl-p-methoxyphenylformazylbenzene gave a black crystalline solid with a green 
reflex, m. p. 163° (Found: Cu, 8-7. C4 H,,0,N,Cu requires Cu, 8-8%). 

(4) Phenyl-p-bromophenylformazylbenzene prepared by both methods (see preceding paper) 
yielded identical cupric complexes as a black crystalline solid with a green reflex, m. p. 140° 
(Found: Cu, 7-9. C3,H,,N,Br,Cu requires Cu, 7-8%). 

The cupric complexes obtained from phenyl-«- and -$-naphthylformazylbenzene were not 
pure substances, owing partly to the difficulty of their separation from unchanged. parent 
formazyl, with which their solubilities in organic solvents were closely similar. 


We are indebted to Dr. Marjorie Elkins for some preliminary experiments, to the Chemical 
Society Research Fund and the University of London Dixon Fund for grants (to L. H.), and 
to the Leicestershire Education Committee for a maintenance grant (to C. B. R.). 


UNIVERSITY COLLEGE, LEICESTER. [Received, September 22nd, 1941.] 





147. Cannabis Indica. Part VIII. Further Analogues of 
T etrahydrocannabinol. 


By P.B.RussEtt, A. R. Topp, S. Wirxtnson, A. D. MACDONALD, and G. WOooLFE. 


The survey initiated in Part VII of the effect of structural modification on hashish 
activity in the tetrahydrocannabinol group has been extended by the synthesis and 
testing of a further series of analogues. These include substances of type (I) in 
which R is varied from ethyl to octyl in the n-alkyl pe and in which R = isoamyl 
and isohexyl. Both (I; R= n-C,H,,) and (I1;, R = n-C,H,;) are considerably 
more active in the Gayer test than a inal itself, but the isoamyl and 
isohexyl analogues have negligible activity. Other analogues prepared included 
compounds belonging to types (II), (III), and (IV) as well as a substance (I; R = OH). 
With the exception of one compound of type (III) none of them showed marked 
activity. 


In Part VII (Russell, Todd, Wilkinson, Macdonald, and Woolfe, this vol., p. 169) we 
reported some results of a preliminary investigation into the relation between chemical 
constitution and hashish activity as manifested in the Gayer test on rabbits. The com- 
pounds synthesised and examined pharmacologically were analogues of tetrahydrocanna- 
binol (I; R= n-C,;H,,), and although. their number was not large certain tentative 
conclusions could be drawn as to the important structural features of the tetrahydro- 
cannabinol molecule. In continuation of this work we have since prepared a further 
series of analogues, using the general synthetic method for tetrahydrodibenzopyran 
derivatives described by Ghosh, Todd, and Wilkinson (J., 1940, 1121), and tested them 
pharmacologically on rabbits. These new compounds include (1) analogues of type (I) in 
which R is varied in size from methyl to octyl inclusive in the 2-alkyl series and from 
amyl to hexyl in the tsoalkyl series; (2) analogues in which the methyl groups on the 
heterocyclic ring of (I) are replaced by ethyl, -propyl or n-butyl groups; (3) isomers of 
tetrahydrocannabinol (I; R = -C ou) in which the location of the methyl group in 


ring A is varied; (4) 5-hydroxy-2 : 2 : 4-trimethyl-3-n-butyl-7-n-amyl-A*-chromen (IV; 
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R = »-C,;H,,), isomeric with tetrahydrocannabinol, and the corresponding substance (IV; 
R = Me), and (5) an analogue (I; R = OH) containing two hydroxyl groups on ring B. 
CHMe-CH, OH - 


ZL 
(1.) CH, 


\cH,—C 


CH,—CHR’ 
\ 


(III.) 


Substance. (mg. /kg.). Activity. Substance. (mg. /kg.). Activity. 
etrahydrocannabiol 1: II; R=Et; R’=n-C,H,, 20 
: II; R = n-C,H,; R’ = Me 15 
Il; R = n-C,H,; R’ = Me 20 


horoyey ry yn ry ries 
Li ++t++11 1+ 


When these compounds were tested biologically (see Table I), the remarkable observ- 
ation was made that in analogues of type (I) hashish activity as assayed by the Gayer 
test increased from the »-butyl compound and was much greater in the case of the n-hexyl 
and u-heptyl compounds than in tetrahydrocannabinol itself; the ssoamyl and isohexyl 
analogues, on the contrary, showed no appreciable activity, at any rate in doses 15 times 
greater than the active dose of tetrahydrocannabinol itself. The preparation of further 
analogues of this type containing still longer -alkyl chains, although envisaged, was not 
pursued in view of the publication by Adams and his collaborators of several papers (J. 
Amer. Chem. Soc., 1941, 63, 1971, 1973, 1977) which we have recently received, and in 
which many of the compounds above mentioned are described. In them the n-octyl 
analogue is reported to have an activity in the dog test rather less than that of tetra- 
hydrocannabinol itself; this result has been roughly confirmed as regards the Gayer test 
by Mr. R. E. Davies in this laboratory, who synthesised the m-octyl analogue by our 
standard method, and found its activity to be comparable with that of tetrahydrocanna- 
binol. In view of our obvious prior interest in Cannabis it is regrettable that in one of 
these papers (p. 1971) Adams and his co-workers should have complained on priority 
grounds of our working in this field. Where two groups of workers arrive independently 
and well-nigh simultaneously at the same results in one field of research, arguments as to 
priority have little force, and are, in our view, futile. We must, however, point out that 
the claim of the American workers to priority in the synthesis of tetrahydrocannabinol 
finds no justification in the.dates of the relevant published papers. 

As regards the other analogues of tetrahydrocannabinol those of types (II) and (IV) 
and the compound (I; R= OH) seem to have negligible activity. Alteration in the 
position of the methyl group in ring A has apparently a variable effect on activity. For 
instance, in the Gayer test, (III; R= H; R’ = Me) appeared to be of the same order 
as tetrahydrocannabinol itself and (III; R = Me, R’ = H) appeared to have little or no 
effect. This result is rather surprising, since in the dog test these two compounds are 
reported to be approximately } and 4 as active as tetrahydrocannabinol (Adams é¢ al., 
loc. cit., p. 1973). Details of the compounds prepared are given in the experimental 
section. Where substances have also been described by Adams e¢ al. (loc. cit.) we have 
refrained from entering analytical data and record for purposes of comparison only the 
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b. p. and light absorption, save in the case of (I; R = -C,H,), where the compound was 
obtained by us in crystalline form with m. p. different from that reported by the American 
workers. It will be noted that where the same compounds have been examined phar- 
macologically by ourselves and by the American workers, the relative activities of individual 
compounds are as a rule only very roughly comparable. For instance, on our results the 
activity of (I; R = -C,H,,) is considerably more than 1-82-times that of tetrahydro- 
cannabinol (I; R = C,H,,) itself. It must be again emphasised that the Gayer test in 
our hands, using a small number of rabbits, is only very roughly quantitative; it is 
impossible by its use to express the ratio between the activities of two compounds to two 
significant places of decimals as is done by Adams and his co-workers (Joc. cit.), measuring 
degree of ataxia in dogs. Nevertheless the difference between our ratio and that of the 
American workers in the case of, say, tetrahydrocannabinol and the analogue (I; R = 
n-C,H,;) is large. If significant, this difference would suggest that the effects measured 
in the two tests are different in type, although both are characteristic of hashish activity. 
Alternatively, of course, the difference in the test results might be due to a difference in 
the grading of the responses as elicited in dogs on the one hand and rabbits on the other. 
No definite conclusions can be drawn in the absence of much more extended pharmaco- 
logical study, but these possibilities must be borne in mind. It should be mentioned 
finally that for ordinary purposes we do not test synthetic substances pharmacologically 
in doses of more than 15—20 mg. per kg. of body-weight; this, of course, explains the 
apparent discrepancy between our report on the inactivity of certain compounds, e.g. (I; 
R = Me) (Part IV; Joc. cit.), and the positive results of Adams and his co-workers, who 
probably test in much higher doses; feeble activities of this nature are of some theoretical 
interest but are unlikely to have any practical significance. 


EXPERIMENTAL. 


Analogues of Type (I) in which R is varied.—The procedure used throughout was that of 
Ghosh, Todd, and Wilkinson (Part IV; Joc. cit.). The appropriate resorcinol derivative was 
condensed with ethyl 1-methylcyclohexan-3-one-4-carboxylate in presence of sulphuric acid to 
give a 3 : 4-cyclohexenocoumarin, which as such or after preliminary acetylation was converted 
into the required tetrahydrodibenzopyran by treatment with excess of methylmagnesium 
iodide. In general, preliminary acetylation of the coumarin derivative led to cleaner products. 
Of the compounds prepared, those in which R is ethyl, isoamyl, and isohexyl have not 
previously been described; for the others, the properties agreed in the main with those 
described by Adams e¢ al. (loc. cit., p. 1971), save that (I; R = n-C,H,) was obtained as a 
crystalline solid differing in m. p. from the product described by these workers. 

5-H ydroxy-5'-methyl-1-ethyl-3 : 4-cyclohexenocoumarin, obtained by means of 5-ethyl- 
resorcinol, formed colourless needles, m. p. 204—205° (Found: C, 74:0; H, 71. C,,H,,0; 
requires C, 74:5; H, 70%). With methylmagnesium iodide it gave 6’’-hydroxy-2 : 2: 5’-iri- 
methyl-4"'-ethyl-3' : 4’ : 5’ : 6’-tetrahydrodibenzopyran (1; R= Et), a yellowish resin, b. p. 
155°/0-1 mm. (bath temp.) (Found: C, 793; H, 8-6. C,,H,,O, requires C, 79-4; H, 
8-8%). On standing, the resin crystallised and then separated from light petroleum in 
colourless needles, m. p. 100—101°. Light absorption in alcohol: Max. 2760 a., e 11,400. 
This compound is mentioned by Adams ¢é# al. (loc. cit., p. 1973) but no description of it is 
given. ; 

(I; R= %-C,H,). The product distilled at 160—165°/0-1 mm. (bath temp.) as a reddish 
oil which subsequently crystallised; recrystallised from light petroleum, it formed colourless 
plates, m. p. 92—93° (Found: C, 79-7; H, 9-2. Calc. for C,,H,,O,: C, 79-7; H, 9-2%). 
Light absorption in alcohol: Max. 2750 a., e« 10,950. Adams e¢ al. (loc. cit., p. 1972) give 
m. p. 145—146°. 

(I; R= -C,H,):; Yellowish resin, b. p. 180°/0-1 mm. (bath temp.). Light absorption 
in alcohol: Max. 2760 a., « 11,400. 

(I; R = -C,H,;). Purplish resin, b. p. 175°/0-1 mm. (bath temp.). Light absorption in 
alcohol: Max. 2760 a., e 12,700. 

(I; R= n-C,H,,). Yellowish resin distilling at 190—192°/0-1 mm. (bath temp.). Light 
absorption in alcohol: Max. 2795 a., ¢ 12,550. 

5-Hydroxy-5'-methyl-7-isoamyl-3 : 4-cyclohexenocoumarin, prepared from 5-isoamylresorcinol 
(Found: C, 76:3; H, 8-0. C,)sH,,O, requires C, 76-0; H, 80%), and its acetate (Found: 
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C, 73-5; H, 7-4. C,,H,,O, requires C, 73-7; H, 7-6) separated from alcohol in colour- 
less needles, m. p. 200—201° and 98—99°, respectively. The latter with methylmagnesium 
iodide gave 6-hydroxy-2 : 2: 5'-trimethyl-4'’-isoamyl-3’ : 4’ : 5’ : 6'-tetrahydrodibenzopyran (1; 
R = iso-C,H,,), a yellowish resin, b. p. 170°/0-1 mm. (bath temp.) (Found: C, 80-0; H, 9-2. 
C,,H,,0, requires C, 80-2; H, 9-6%). The product slowly solidified and then crystallised from 
light petroleum in colourless needles, m. p. 56—57°. Light absorption in alcohol: Max. 
2785 A., ¢ 10,267. 

5-Hydroxy-5'-methyl-7-isohexyl-3 : 4-cyclohexenocoumarin, prepared from 5-isohexylresorcinol, 
formed colourless needles, m. p. 177—180°, from alcohol (Found: C, 76-9; H, 8-1. C,9H,,.O; 
requires C, 76:5; H, 83%). With methylmagnesium iodide it gave 6”-hydroxy-2 : 2 : 5'-tri- 
methyl-4"'-isohexyl-3' : 4' : 5’ : 6’-tetrahydrodibenzopyran (I; R = iso-C,H,,), a yellowish resin, 
b. p. 203°/1 mm. (bath temp.) (Found: C, 80-2; H, 9-6. C,,H;,0, requires C, 80-5; H, 9-8%). 
Light absorption in alcohol: Max. 2760 a., « 10,900. 

Analogues of Type (II).—These were ‘prepared by the action of the appropriate alkyl- 
magnesium halide on the corresponding tetrahydrocyclohexenocoumarin acetate. 

- (II; R= Et, R’ = n-C,H,,), already described by Adams ¢¢ al. (loc. cit., p. 1973), was a 
yellowish resin, b. p. 180—190°/0-1 mm. (bath temp.). Light absorption in alcohol: Max. 
2790 a., « 9500. 

6”-Hydroxy-5' : 4''-dimethyl-2 : 2-di-n-propyl-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyvan (II; R = 
n-C,H,, R’ = Me), an isomer of tetrahydrocannabinol, was a yellowish resin, b. p. 165°/0-1 mm. 
(bath temp.) (Found: C, 79-8; H, 9-5. C,,H 3,0, requires C, 80-2; H, 9-6%). Light absorp- 
tion in alcohol: Max. 2790 a., « 8300. 

6”-Hydroxy-5' : 4''-dimethyl-2 : 2-di-n-butyl-3’ : 4’ : 5’ : 6'-tetrahydrodibenzopyran (Il; R= 
n-C,H,, R’ = Me) was a yellowish resin, b. p. 170—175°/0-1 mm. (bath temp.) (Found: C, 
80-5; H, 9-6. C,,;H,,O, requires C, 80-7; H, 9-9%). Light absorption in alcohol: Max. 
2815 a., « 10,260. ; 

Isomers of Tetrahydrocannabinol (I; R = n-C;H,,) in which the Location of the Methyl 
Group in Ring A is varied.—The following two compounds, also described by Adams e¢ al. 
(loc. cit., p. 1973), were prepared by the standard procedure starting respectively with ethyl 
1-methylcyclohexan-2-one-3-carboxylate and ethyl 1-methylcyclohexan-4-one-5-carboxylate. 

(III; R=H, R’ = Me), a yellowish resin, b. p. 165°/0-1 mm. (bath temp.). Light 
absorption in alcohol : Max. 2750 a., e 11,230. 

(III; R= Me, R’ =H), a purplish resin, b. p. L70—180" /@ 01 mm. (bath ia Light 
absorption in alcohol : Max. 2740 a., « 11,000. 

4” : 6-Dihydroxy-2:2:5 ' -trimethyl-3' : 4’ : 5’ : 6'-tetrahydrodibenzopyran (I; ~_ OH).— 
Prepared in the normal manner by the action of methylmagnesium iodide on 5 : 7-dihydroxy- 
5’-methyl-3 : 4-cyclohexenocoumarin (Ahmad and Desai, Proc. Indian Acad. Sci., 1938, 8, A, 1), 
the substance distilled as a reddish-yellow resin at 200°/0-1 mm. (bath temp.) (Found: C, 
73-6; H, 7:8. CygH, 0, requires C, 73-8; H, 7:7%). Light absorption in alcohol: Max. 
2750 a., « 11,150). 

5-Hydroxy-2 : 2: 4: 7-tetramethyl-3-n-butyl-A®-chromen (IV; R = Me).—Contrary to the 
experience of Adams e¢ al. (loc. cit., p. 1977) no difficulty was experienced in condensing orcinol 
with ethyl -butylacetoacetate in presence of sulphuricacid. The resulting coumarin crystallised 
from alcohol in colourless nee@les, m. p. 192° (Adams e# al.,give m. p. 191—195°) (Found: C, 
73-2; H, 7-2. Calc. for C,,H,,0,;: C, 73-2; H, 73%). The corresponding acetate separated 
from alcohol in colourless needles, m. p. 93° (Found: C, 70-5; H, 7:2. C,,H,,O, requires 
C, 70-8; H, 69%). The chromen, prepared by treating the coumarin acetate with methyl- 
magnesium iodide, was a purplish resin, b. p. 160—170°/0-1 mm. (bath temp.) (Found: C, 
78-3; H, 9-3. C,,H,O, requires C, 78-5; H, 92%). Light absorption in alcohol: Max. 
2720 a., ¢ 9850. . 

(IV; R= 1-C,H,,). The chromen was a purplish resin, b. p. 170—180°/0-1 mm. (bath 
temp.). Light absorption in alcohol: Max. 2740 a., « 10,500. 


The authors are indebted to Messrs. Roche Products, Ltd., for grants and to Dr. H. 
Rinderknecht of that firm for assistance in the preparation of some of the compounds 
described. 


THE UNIVERSITY OF MANCHESTER. [Received, October 20th, 1941.] 
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148. Carbohydrate Sulphuric Esters. Part II. The Isolation of 
3 : 6-Anhydromethylhexosides from Methylhexopyranoside Sulphates. 


By R. B. Durr and E. G. V. PERCIVAL. 


It is shown that alkaline hydrolysis of the barium salts of «- and 6-methylglucoside 
sulphates and a- and @-methylgalactoside sulphates and of «-methylmannopyranoside 
sulphate yields the corresponding 3 : 6-anhydromethylhexosides. 


In Part I (J., 1940, 1475), the hydrolysis of barium «-methylglucoside sulphate with 
barium hydroxide was shown to yield an anhydromethylhexoside, m. p. 105—106°, [«]>* 
+ 52°. This has now been identified as 3 : 6-anhydro-«-methylglucopyranoside as shown 
by a comparison of its properties and those of its derivatives (I) with those reported by 
Haworth, Owen, and Smith (this vol., p. 88) in an extensive study of the properties of 
this substance (IT). 


(I.) (II.) 
Anhydro-a-methylhexoside, m. p. 108°, [a]}> 3 : 6-Anhydro-a-methylglucopyranoside, m. p. 
+52° in water. 108°, [a]?0° +56° in water. 
Anhydrohexose, m. p. 121°, [a]p +53° in water. 3 : 6-Anhydroglucose, m. p. 122°. 
Anhydrohexonolactone, m. p. 116—117°. 3 : 6-Anhydrogluconolactone, m. p. 116°. 
Dimethyl anhydromethylhexoside, m. p. 64°, 2:4-Dimethyl 3: 6-anhydro-a-methylgluco- 
[a}}*” +48° in water. pyranoside, m. p. 66°, [a]?” +50°. 
Anhydromethylhexoside obtained after contact 3 : 6-Anhydro-a-methylglucofuranoside, m. p. 
with n-H,SO,, m. p. 69°, [a]}*” +163° in water. 70°, [a]?° +164°. 

In attempts to isolate the anhydromethylhexoside without isolating the barium ethereal 
sulphate, a variable proportion of 3: 6-anhydro-a-methylglucofuranoside accompanied 
the product. The formation of this substance is attributed to isomerisation of the 
pyranoside during the neutralisation of the strongly acid reaction mixture. 

Barium §-methylglucopyranoside sulphate yielded 3 : 6-anhydro-6-methylglucopyran- 
oside on alkaline hydrolysis, and the barium salts of a- and §-methylgalactopyranoside 
sulphates yielded the corresponding 3 : 6-anhydromethylgalactosides as shown ‘by direct 
comparison with authentic specimens. The anhydromethylhexosides reported as derived 
from «-methylgalactoside in Part I (loc. cit.) proved to be impure 3 : 6-anhydro-«-methyl- 
glucopyranoside due to the fortuitous presence of glucose in the specimen of galactose 
used. Barium a-methylmannopyranoside sulphate by similar treatment yielded the 3: 6- 
anhydro-a«-methylmannopyranoside of Valentin (Coll. Czech. Chem. Comm., 1934, 6, 354), 
confirmed by the isolation of 3 : 6-anhydroglucosazone from the free sugar. 

In the five cases examined, therefore, alkaline hydrolysis of the sulphates obtained by 
direct interaction of chlorosulphonic acid in pyridine and the methylhexosides yields a 
3 : 6-anhydromethylhexoside; this conversion is not complete, however, since in every 
case some methylhexoside accompanies the product. It is clear, consequently, that either 
the anhydride formation is not quantitative or the substangs examined are mixtures of 
more than one sulphate, one capable of hydrolysis to the 3°: 6-anhydride and the other 
to the methylhexoside. The sulphate group responsible for the production of the 3: 6- . 
anhydride must, however, be attached to C, or C,. The latter is considered to be the 
more likely, since if, as would be expected, the hydrolysis of a sulphate follows a similar 
course to that of a #-toluenesulphonate, if the residue were on C, the 3: 6-anhydride 
would be accompanied by other producfs containing ethylene oxide rings (Peat and 
Wiggins, J., 1938, 1088), and no evidence for these was found. 

Agar contains a proportion of 3 : 6-anhydro-l-galactose residues in its molecule, and 
although it has been pointed out (Hands and Peat, Chem. and Ind., 1938, 57, 937; Forbes 
and Percival, J., 1939, 1844) that the sulphate content of the agar used is too low to 
account for the formation of these residues by hydrolysis during methylation, nevertheless 
it is well known that a fairly high proportion of sulphur occurs in the soluble fraction of 
agar (Neuberg and Schwietzer, Monatsh., 1937, 71, 1, 146). The elimination of sulphate 
residues with the formation of 3 : 6-anhydro-rings may have taken place at some stage in 
the development of the alga or in the manufacture of the commercial product. 
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EXPERIMENTAL. © 


Barium Methylhexoside Sulphates.—The method described in Part I (loc. cit.) was modified 
by the use of 1 mol. of chlorosulphonic acid, and in certain cases the method of working up 
described by Helferich, Léwa, Nippe, and Riedel (Z. physiol. Chem., 1923, 128, 141) was 
employed. The products were all extracted thoroughly with boiling alcohol and reprecipitated 
from aqueous solution with alcohol. The yields were approximately equal to the weight of 
methylhexoside used. 

Barium a-methylglucoside sulphate. It was not found possible to obtain a product with 
[«]p + 90° as described in Part I (loc. cit.). On several occasions a specimen apparently 
analytically pure had: [a]}*° + 72° in water, and lower values were obtained when more than 2 
mols. of chlorosulphonic acid were used. When 1 mol. of chlorosulphonic acid was used, the 
barium a-methylglucoside sulphate had [«]}/° + 81° in water (c, 2-0) in good agreement with 
the value reported by Helferich et al. (loc. cit.) for the sulphuryl chloride method [Found: Ba, 
19-3; OMe, 8-5. Calc. for (C,H,,0,S),Ba: Ba, 19-6; OMe, 9-1%]. 

Barium B-methylglucoside sulphate had [«]?” — 12° in water (c, 1-0) (Found: Ba, 19-0%). 

Barium 8-methylgalactoside sulphate had [«]}7" — 12° in water (c, 3-4) (Found: Ba, 18-5%). 

Barium a-methylmannoside sulphate had [a]}* + 38° in water (c, 1-0) (Found: Ba, 18-5%). 

Typical Hydrolysis with Barium Hydroxide.—Barium a-methylglucoside sulphate (6-5 g.) 
was heated for 8 hours at 100° with barium hydroxide (50 g.) in water (300 c.c.). After 
cooling and filtration the excess of alkali was neutralised with carbon dioxide, and the filtrate 
evaporated to dryness at 35°/15 mm. Several extractions with alcohol, followed by removal 
of solvent, gave a syrup (2°35 g.), [«]}° + 60° in water (c, 1-4). A portion (1-57 g.) of this 
syrup was extracted thrice with ethyl acetate and a-methylglucoside (m. p. and mixed m. p. 
156°) (0-6 g.) was removed. The solution on evaporation gave a syrup (0-9 g.), from which, 
after treatment with light petroleum, the anhydromethylhexoside (0-43 g.), m. p. 108°, [«]}* 
+ 52° in water (c, 1-0), crystallised on cooling (Found: C,-48-0; H, 6-9; OMe, 17-4. Calc. 
for C,H,,0,: C, 47-7; H, 6-8; OMe, 17-6%). This substance was identified as 3 : 6-anhydro- 
a-methylglucopyranoside as follows : 

Reaction with sulphuric acid. [a]}° + 89° (1 min.); + 115° (2 mins.); + 129° (3 mins.) ; 
+ 140° (8 mins.); + 148° (17 mins.); + 150° (20 mins.); + 145° (35 mins.); + 135° (24 
hours) in n-sulphuric acid (c, 0-5). When the reaction was arrested after 20 minutes by 
neutralisation with barium carbonate, a product was obtained which after recrystallisation 
from ethyl acetate had m. p. 69°, [a]}®* + 163° in water (c, 0-9) (Found: OMe, 16-6%), and 
was evidently the 3: 6-anhydro-«-methylglucofuranoside of Haworth, Owen, and Smith 
(loc. cit.). 

‘In another experiment the reaction mixture was heated after standing for 20 minutes 
until the rotation became constant; the product isolated in good yield in the usual way had 
m. p. 121°, [a]p + 53° in water (c, 1-0) (Found: C, 44:5; H, 6-2; OMe, nil. Calc. for 
C,H,,0;: C, 44-7; H, 63%). That this was 3: 6-anhydroglucose was confirmed by con- 
version into the lactone, m. p. 116—117°, by oxidation with bromine water. 

Methylation Experiments.—Two methylations with Purdie’s reagents converted the anhydro- 
methylhexoside quantitatively into an oil which crystallised on distillation at 100°/0-1 mm. 
and on recrystallisation from light petroleum had m. p. 64°, [a]} + 110° in acetone (c, 0-3), 
+ 48° in water (c, 1-0) (Found: C, 52-7; H, 8-0; OMe, 44-9. Calc. for C,H,,0,: C, 52-9; 
H, 7-9; OMe, 45°6%). [a]i*’ + 43-5° (1 min.); 20-5° (6 mins.); 13° (8 mins.); 3° (11 mins.) ; 
— 5° (20 mins.); — 22-5° (4 hrs.) constant value, in 0-33N-hydrochloric acid (¢. 0-4). 

This dimethyl methylhexoside was recovered in 90% yield after boiling for 24 hours with 
sodium methoxide (5%) in methyl alcohol, and oxidation with nitric acid gave no dimethoxy- 
succinic or -glutaric esters. This agrees with the properties of 2: 4-dimethyl 3 : 6-anhydro- 
a-methylglucopyranoside (Haworth, Owen, and Smith, loc. cit.). 

Shortened Preparation of the Anhydromethylhexosides.—a-Methylglucoside ([a]}" + 156-5°) 
(30 g.) was treated with chlorosulphonic acid (10 c.c.) in pyridine as before. As much pyridine 
as possible was removed under diminished pressure and the solution was then made alkaline 
with hot concentrated barium hydroxide solution, pyridine was extracted with ether, and 
barium hydroxide solution (600 c.c.) was added to the mixture, which was then heated at 100° 
for 8 hours. Most of the, barium hydroxide was removed on cooling, and recrystallisation 
was carried out four times in an attempt to remove occluded products. The combined mother- 
liquors were treated with carbon dioxide, and the isolation of the anhydromethylhexosides 
carried out as usual by evaporation, extraction with alcohol, evaporation and extraction with 
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ethyl acetate. These operations yielded «-methylglucoside, 3 : 6-anhydro-«-methylglucopyran- 
oside (3-5 g.), and a product (2 g.). After removal of the first two substances a crystalline 
substance (1 g.), m. p. 71° (not depressed on admixture with 3 : 6-anhydro-a-methylgluco- 
furanoside), [«]}*° + 161° in water (c, 0-7), was obtained together with a syrup (1 g.) (Found: 
C, 47-5; H, 7-15; OMe, 17-8. Calc. for C,H,,0,: C, 47-7; H, 6-8; OMe, 17-6%).. The 
product did not react with sodium methoxide. Hydrolysis with hot n-sulphuric acid yielded 
3 : 6-anhydroglucose, m. p. 120°, [«]}®* + 53° in water (c. 1-0). Methylation yielded a dimethyl 
anhydromethylhexoside, m. p. 45—46°, [«]}®° + 204° in water (c, 0-7) (Found: C, 52-9; H, 8-0. 
Calc. for C,H,,0,: C, 52-9; H, 7-9%), which did not react with sodium methoxide. These 
results are in agreement with those of Haworth, Owen, and Smith (Joc. cit.) for 3 : 6-anhydro- 
a-methylglucofuranoside. 

The accompanying syrup, [«]}® + 113° in water (c, 1-0), was thrice methylated and on 
distillation an oil (0-7 g.), }%" 1-4610, [«]}” + 156° (Found : OMe, 40-1%), was obtained which 
was unchanged after boiling for 48 hours with methyl-alcoholic sodium methoxide (5%) ; 
ethylene-oxide ring compounds were therefore absent. 

When 3: 6-anhydro-a-methylglucopyranoside in excess of barium hydroxide solution was 
added to a solution of chlorosulphonic acid in pyridine in the proportions used in these 
experiments, the product, after being worked up in the usual way, contained ca. 70% of the 
corresponding furanoside. It is concluded, therefore, that it was at this point that the 
isomerisation took place and the possibility that the methylglucoside sulphate is present as 
furanoside is discounted. 

Hydrolysis of Barium 8-Methylglucopyranoside Sulphate.—When the hydrolysis was carried 
out on this sulphate (10 g.) as described above, a syrup was obtained, from which, after 
solution in ethyl acetate, ®-methylglucoside crystallised (0-2 g.). On distillation at 
170—175°/0-01 mm. a syrupy product (2-5 g.), 2} 1-4920, was obtained, [«]}® — 136° in water 
(c, 1-3) (Found: OMe, 17-4%), which appeared to be identical with the 3 : 6-anhydro-8-methyl- 
glucopyranoside of Haworth, Owen, and Smith (loc. cit.).  [a]}7’ — 110° (1 hr.); — 78° (4 hrs.) ; 
— 55° (8-6 hrs.), — 16° (22 hrs.), in 0-ln-sulphuric acid (c, 1-0). After neutralisation with 
barium carbonate, followed by filtration and evaporation under reduced pressure, 3 : 6-anhydro- 
glucose, m. p. 122°, unchanged on admixture with an authentic specimen, [«]}” + 52° in water 
(c, 1-0), was obtained. 

Hydrolysis of Barium B-Methylgalactopyranoside Sulphate.—The sulphate (13 g.) was hydro- 
lysed at 100° with barium hydroxide solution as before. The alcohol-soluble portion of the 
hydrolysate was repeatedly extracted with ethyl acetate; the extracts deposited $-methyl- 
galactoside (2 g.), m. p. 173°, followed by 3: 6-anhydro-$-methylgalactoside (4 g.), m. p. 
114—116° alone or mixed with an authentic specimen. Concentration of the mother-liquors 
and treatment with light petroleum yielded further small quantities of this substance and no 
other product could be detected. 

In another experiment using the shortened process, $-methylgalactoside (20 g.) gave 
3 : 6-anhydro-f-methylgalactoside (5 g.), m. p. 118°, [«]}?° — 113-5° in water (c, 1-0). No 
other products could be isolated. Conversion into the free sugar, followed by osazone form- 
ation, readily gave 3: 6-anhydrogalactosazone in good yield, m. p. 216°, unchanged on 
admixture with an authentic specimen. 

Hydrolysis of Barium a-Methylgalactopyranoside Sulphate.—A similar result was obtained 
in this case, both the direct and the shortened method being used, although owing to its 
greater solubility the yields of crystalline 3: 6-anhydro-a-methylgalactopyranoside were 
smaller. This had m. p. 140°, unchanged on admixture with an authentic specimen. [a]p 
+ 78° in water (c, 1-0); + 73° (12 mins.); -+- 61° (17 mins.); + 57° (77 mins.); + 43° (115 
mins.); + 25° (7 hrs.) (constant value), in N/10-sulphuric acid (c, 1-0) (cf. Haworth, Jackson, 
and Smith, J., 1940, 620). The free sugar was converted into the osazone and 3: 6-anhydro- 
galactosazone, m. p. 216—217°, was readily obtained. 

The filtrates after the removal of 3 : 6-anhydro-«-methylgalactoside deposited small quan- 
tities of the product, m. p. 107°, [«]}®° + 50° in water, described in Part I (loc. cit.). In dilute 
acid the rotation changed rapidly in the same way as for 3 : 6-anhydro-«-methylglucopyranoside 
and this was confirmed by the isolation of 3 : 6-anhydro-a-methylglucofuranoside, m. p. 69°, 
unchanged on admixture with the product obtained from a-methylglucoside. The depression 
of m. p. with the anhydromethylhexoside isolated from methylglucoside sulphate was not 
confirmed. 

Hydrolysis of Barium a-Methylmannoside Sulphate.—The sulphate (1-2 g.) was hydrolysed 
with excess of barium hydroxide solution as before. The alcohol-soluble fraction on extrac- 
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tion with ethyl acetate yielded «-methylmannopyranoside, m. p. 188°, and the filtrate deposited 
crystals (0-5 g.) of a product, m. p. 130°, [«]}® + 95° in water (c, 3-0) (Found: C, 47-5; H, 7-0; 
OMe, 17-8. Calc. for C;,H,,0,;: C, 47-7; H, 6-8; OMe, 17-6%). Valentin (Joc. cit.) reports 
m. p. 130—132°, [a]p + 97° for 3 : 6-anhydro-a-methylmannopyranoside. 

Hydrolysis, followed by osazone formation, gave an osazone, m. p. 182—183°, identical 
with that prepared from 3 : 6-anhydromethylglucoside (Found : N, 16-0. Calc. for C,;,H,,O,N, : 
N, 16-5%). 

It was shown that a large excess of barium hydroxide solution had no effect on a-methyl- 
glucoside when heated for long periods at 100° and 3: 6-anhydro-x-methylglucopyranoside 
was recovered unchanged in good yield after being heated for 30 hours at 100° with this reagent. 
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149. The Constitution of Yeast Mannan. 
By W. N. Hawortu, R. L. HEATH, and S. PEAT. 


The constitution of the mannan of yeast has been re-examined. The earlier work 
of Haworth, Hirst, and Isherwood (J., 1937, 784) has been confirmed in regard to the 
homogeneity of the polysaccharide and of its acetate and methylated derivative and 
also in regard to the nature of some of the products of hydrolysis of methylated mannan. 
It is confirmed that tetramethyl mannose, trimethyl mannose, and dimethyl mannose are 
produced in equimolecular proportions and that the “ tetra ’’ fraction consists of tetra- 

‘methyl mannose, and the “ di” fraction exclusively of 3 : 4-dimethyl mannose. It is 

shown, however, that the trimethyl mannose fraction is not constituted exclusively 
of 2: 3: 4-trimethyl mannose and that this sugar does not, in fact, constitute more 
than 10% of the “ tri’’ fraction. The main constituents of this fraction are 3 : 4 : 6- 
and 2:4: casienitted mannose, which are present in oquimelecuine proportion and 
together constitute 90% of the fraction. 


The probable structure of yeast mannan is discussed in the light of these 
observations. 


In an earlier paper (Haworth, Hirst, and Isherwood, J., 1937, 784) a preliminary 
investigation of the mannan of yeast was reported. It was then shown that this poly- 
saccharide, which is extracted by alkali from baker’s yeast, is essentially homogeneous and 
composed exclusively of mannose residues. The structural arrangement of the mannose 
units was investigated by a procedure involving methylation of the mannan, hydrolysis 
of the methylated polysaccharide, and examination of the constituent partly methylated 
mannose fragments. Tetramethyl mannose, trimethyl mannose, and dimethyl mannose 
were found to be present in equimolecular proportions and it appeared that these fragments 
were tetramethyl mannopyranose, 2 : 3 : 4-trimethyl mannose and 3 : 4-dimethyl mannose 
respectively. The constitution assigned to the trimethyl mannose fraction was based on a 
study of its oxidation products and principally on the observation that its oxidation with 
nitric acid gave a hydroxytrimethoxyadipic acid (characterised as the crystalline diamide, 
m. p. 191°), which was therefore reasonably described as 2 : 3 : 4-trimethyl mannosaccharic 
acid. Nevertheless, when 2:3: 4-trimethyl mannosaccharamide was later prepared 
(Haworth, Hirst, Isherwood, and J. K. N. Jones, J., 1939, 1878) by a method which left 
no doubt as to its constitution, it was shown not to be identical with that prepared by the 
oxidation of the trimethyl mannose from methylated mannan. Moreover, discrepancies 
were apparent between the properties of authentic 2 : 3: 4-trimethyl mannono-8-lactone 
monohydrate (m. p. 73°; [«]>” + 138°——> + 81° in water) on the one hand and the 
trimethyl mannonolactone (m. p. 91°; [a]? + 138° —> + 44° in water) from mannan 
on the other. 


Having regard to these observations, it was deemed advisable to re-examine the tri- 
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methyl mannose fraction from mannan. The procedure described in the earlier paper was 
adopted for the extraction of mannan from yeast and for the preparation of the acetylated 
derivative. The mannan itself and the acetate had the same physical properties as those 
already recorded. Moreover, the methylated mannan, which was prepared by direct 
methylation, was not to be distinguished from the methylated mannan prepared previously. 

The homogeneity of the methylated mannan was established by its precipitation from 
chloroform solution in several fractions (see Table I). The main fractions did not materially 
differ from each other in respect of methoxyl content, rotation and viscosity in chloroform 
solution, and particle weight as determined by osmotic pressure measurement. . | 

The methylated mannan gave solutions of low viscosity when compared with similar 
solutions of linear polymers such as methylated cellulose. Nevertheless the particle 
weight, determined osmotically by Dr. Chambers in this laboratory, was large and corre- 
sponded to aggregates of 200 to 400 mannose units. 

Methylated mannan is resistant to weak hydrolytic agents and its hydrolysis was achieved 
in the earlier investigation by the use of methyl-alcoholic hydrogen chloride at 150° under 
pressure. We have now found it more convenient to use the less drastic method of heating 
the methylated mannan at 100° with a mixture of equal parts of glacial acetic acid and 
5% hydrochloric acid. This procedure gave a mixture of partly methylated mannoses, 
which were converted into the methyl glycosides in a separate operation. The glycosides 
were then separated by fractional distillation (see Table II). 

We have confirmed in every particular the earlier findings as to the composition of the 
tetramethyl methylmannoside and dimethyl methylmannoside fractions. The former 
consists exclusively of tetramethyl methylmannopyranoside and the latter of 3 : 4-dimethyl 
methylmannopyranoside. Two crystalline derivatives of the dimethyl mannose are re- 
ported for the first time, namely, 3: 4-dimethyl a-methylmannoside and 3 : 4-dimethyl 
1 : 2-monoacetone mannose. 

It was also confirmed that the “ tetra,” “tri,” and “ di” fractions were present in 
very nearly equimolecular proportions. 

The Trimethyl Mannose Fraction.—It became apparent that the “tri” fraction did 
not consist exclusively of 2: 3:4-trimethyl mannose. In fact this sugar constitutes not 
more than 10% of the mixture, the main constituents of which are 2: 4: 6-trimethyl 
mannose and 3 : 4 : 6-trimethyl mannose in equimolecular proportion. 

The trimethyl methylmannoside fraction yielded on hydrolysis with aqueous acid a 
syrup which crystallised in part. The crystalline part (85% of the whole) was separated 
into a number of fractions by crystallisation from suitable solvents and it became evident 
that more than one trimethyl mannose was present in the crystalline material. Further- 
more, adequate separation of the constituents was not being achieved by fractional crystal- 
lisation. One fraction had m. p. 102° and proved to be pure 3 : 4 : 6-trimethyl «-mannose, 
identical with that synthesised by Bott, Haworth, and Hirst (J., 1930, 1395). The other 
fractions had melting points 10—20° lower than that of 3: 4: 6-trimethyl mannose and 
none of them consisted of a single compound. Evidence that two trimethyl mannoses 
were present was obtained when, during the course of recrystallisation of one fraction, 
two forms of crystals appeared together and it was possible to separate these mechanically. 
One form melted at 102° and was identified as 3 : 4 : 6-trimethyl «-mannose. The other form 
had m. p. 90° and the melting point of a mixture of the two forms was depressed to 70°. 
Inasmuch as the two substances mutarotated in aqueous solution in the same direction it 
was Clear that they did not represent the «- and the 8-form of the same sugar. 

Analysis of the substance of m. p. 90° required its formulation as the monohydrate of a 
trimethyl hexose, and this view found confirmation in dehydration experiments. The 
possibility that the compound was a monohydrate of 3 : 4 : 6-trimethyl mannose was next 
explored. The product of its dehydration was a viscid syrup which crystallised in part 
when treated with acetone. Every precaution was taken to avoid the re-formation of the 
hydrate, but recrystallisation yielded only the hydrate of m. p. 90° and no trace of 
3:4: 6-trimethyl mannose was found. Similarly, all attempts to form a hydrate from 
authentic 3 : 4 : 6-trimethyl «-mannose were without success. 

There was thus a strong indication that the substance of m. p. 90° was a trimethyl 
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mannose other than 3 : 4 : 6-trimethyl mannose. The field of search was narrowed by the 
fact that the still unidentified trimethyl mannose must belong to the pyranose series. This 
followed from an observation that the methylation of the trimethyl methylmannoside 
fraction gave crystalline tetramethyl «-methylmannopyranoside in 91% yield. 

The possible presence of furanose sugars being thus excluded, it is evident that the sub- 
stance of m. p. 90° can only be the hydrate of one of the following: 3:4:6-,2:3:4, 
2:3:6-, or 2:4. 6-trimethyl mannose. 3:4: 6-Trimethyl mannose had already been 
excluded ;’ 2:3: 4-trimethyl mannose and 2:3: 6-trimethyl mannose are known as 
syrups which do not form hydrates and it was therefore assumed, as a working hypothesis, 
that the substance of m. p. 90° was the monohydrate of the hitherto unknown 2: 4: 6-tri- 
methyl mannopyranose. Furthermore, from the direction of mutarotation it appeared to 
be an «-form. 

Investigation of the substance of m. p. 90° was hampered by the difficulty, already 
referred to, of separating it from 3 : 4 : 6-trimethyl mannose. This difficulty was eventually 
overcome by the use of a chemical method of separation, based upon the assumed con- 
stitution of the substance, which involved the condensation of the mixture of trimethyl 
sugars with acetone. It is possible for 3 : 4 : 6-trimethyl mannose (I) to yield, with acetone, 


CH,°OMe ey CH,°OMe 
Ho H H O H | 


ro uf = 


MeO || OH MeO H MeO 
H H H H,H 
(I.) (II.) att) 


the 1.: 2-monoacetone derivative (II), whereas 2: 4: 6-trimethyl mentipperences (III), 
not having two hydroxyl groups available on adjacent carbon atoms, is unlikely to con- 
dense with acetone. It is further to be expected that the solubility differences of the 
acetone compound and the unchanged trimethyl mannose would suffice for the separation 
desired. ‘ 

This argument has been substantiated in practice. The crystalline mixture was 
treated repeatedly with acetone containing a little sulphuric acid. Crystallisation of the 
product from ether effected a clean separation of the unchanged hydrate of m. p. 90° and 
1 : 2-monoacetone 3: 4: 6-trimethyl mannose. The latter is a syrup and from it was 
prepared by hydrolysis pure 3:4: 6-trimethyl mannose (m. p. 102°). This method 
of separation made possible the isolation of a sufficient quantity of the hydrate for closer 
examination whereby its constitution was established. 

The hydrate, on being boiled with alcoholic aniline, yielded an anilide (m. p. 134°) 
which was not identical with either 3:4: 6-trimethyl mannose anilide (m. p. 143°) or 
2:3: 6-trimethyl mannose anilide (m. p. 127°; Haworth, Hirst, and Streight, J., 1931, 
1349). The compound must be, therefore, either 2:3:4-trimethyl mannose or 
2:4: 6-trimethyl mannose. That it was, in fact, the latter compound followed from the 
observation that its oxidation with bromine water yielded a crystalline lactone (m. p. 98°) 
which was not identical with 2: 3: 4-trimethyl mannono-3-lactone (m. p. 73°) or with 
3:4: 6-trimethyl mannono-é-lactone (m. p. 97°), both of which were synthesised by 
published methods for the purpose of this comparison. Furthermore, the amide (m. p. 
145°) prepared from the lactone was not identical with the known amides of either 2 : 3 : 4- 
or 3: 4: 6-trimethyl mannonic acid. 

The amide (m. p. 145°) gave a negative Weerman test for «-hydroxy-amides, a con- 
firmation of the allocation of a methoxyl group to position 2, and confirmatory evidence 
of the presence of a methoxyl group on C, was forthcoming from the result of the methyl- 
ation of the lactone (m. p. 98°). The product was tetramethyl mannono-8-lactone, from 
which was also prepared the known phenylhydrazide of 2 : 3 : 4 : 6-tetramethyl mannonic 
acid. Had a hydroxyl group been available on C, of the trimethyl mannonic acid, methyl- 
ation would have yielded tetramethyl mannono-y-lactone. 
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The evidence accumulated, therefore, leaves no reasonable doubt that the substance 
of m. p. 90° is 2 : 4: 6-trimethyl d-mannopyranose monohydrate. It can also be stated that 
this product is the «-form, for it was possible to prepare from it, in small yield, the crystal- 
line 6-form. The latter was not a hydrate. 

The 3 : 4: 6-trimethyl mannose constituent was further characterised by its conversion 
into a crystalline anilide, by its oxidation to the crystalline 8-lactone, and by the conversion 
of the lactone into the crystalline amide and phenylhydrazide. 

Having established that the crystalline part (85%) of the trimethyl mannose fraction 
from methylated mannan was a mixture of 3: 4: 6-trimethyl mannose and 2: 4: 6-tri- 
methyl mannose monohydrate, it was possible on the basis of quantitative dehydration 
experiments to calculate that the relative proportion of these two sugars was roughly 1 : 1. 

The non-crystalline part (15%) of the trimethyl mannose fraction was oxidised with 
bromine water and, in addition to 3 : 4 : 6-trimethyl mannono-é-lactone, there was obtained 
crystalline 2:3:4-trimethyl mannono-é-lactone. The yield of each crystalline lactone 
represented only 2% of the syrupy trimethyl.mannose. Nevertheless, the non- 
crystallisable part still contained 2:3: 4-trimethyl mannonolactone inasmuch as its 
treatment with alcoholic ammonia gave crystalline 2:3: 4-trimethyl mannonamide, 
again in small yield (2%). No evidence could be adduced of the presence of any other 
lactone or amide, but the difficulties involved in accurate quantitative separation made 
impossible a decision between the extremes of 1 and 10% as the proportion of 2 : 3 : 4-tri- 
methyl mannose in the “ tri”’ fraction. 


DISCUSSION. 


Acid hydrolysis of methylated mannan resolves it into its constituent methylated 
mannose units, which are shown to be tetramethyl mannopyranose, 3: 4: 6-trimethyl 
mannose, 2:4 Pein! mannose, 2:3:4-trimethyl mannose and 3: 4-dimethyl 
mannose. No other derivative of mannose or of any other sugar has been found. If the 
three trimethyl mannoses are grouped together as the “ tri”’ fraction, it is found that the 
“tetra,” “tri,” and “di” fractions are present in equimolecular proportions. The 
greater part (90%) of the “ tri” fraction consists of 3 : 4 : 6- and 2 : 4: 6-trimethyl mannose, 
present in approximately equimolecular proportion. 2:3: 4-Trimethyl mannose is also 
present but in a quantity which cannot be greater than 10% of the “ tri” fraction or 3% 
of the methylated mannan. The possible significance of the presence of this sugar will be 
discussed below. 

The repeating unit of yeast mannan would appear to be composed of six mannose 
residues linked in such a way that two residues, represented by (IV), give rise to tetramethyl 
mannose; two (V) yield 3 : 4-dimethyl mannose; one (VI) gives 3 : 4 : 6-trimethyl mannose 
and one (VII), 2: 4: 6-trimethyl mannose. 


CH, ‘OH, 4 GH co, x -OH 
ae | 0 # 
<a HO ke ae 
HO | —O— HO E. SS O—- HO 
H H 
(IV.) eae pe 


Although the stereochemical form is represented as that of a-mannose, it must be 
understood that this is based on nothing more definite than the comparatively high dextro- 
rotation (+ 88°) of the polysaccharide and its diminution during hydrolysis. The possible 
presence of some f-linkages is not excluded. . 

It is obviously not possible to envisage the complete pattern of the structure of yeast 
mannan on the facts at present available, but certain general detailed features may be 
made out. Although the mannose residues under consideration are derived from one and 
the same polysaccharide, it is still possible to represent the repeating unit by a number of 
alternative formule. Some of these possibilities are given in (VIII) to (X). In these 
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formule, M represents a mannose residue, and the numerals, the carbon atoms of each 
residue involved in the glycosidic linkages. 


M7 











(VIII.) 


The general arrangement is clearly pictured as a central chain. of mannose units 
(glycosidically linked) with side chains radiating from this main chain. The number of 
mannose units in each side chain may be 1, as in (X), or 2, as in (VIII), or some side chains 
may consist of one mannose member and others (an equal number) oftwo. This is shown 
in (IX). 

In these formule, the attachment of the side chain is represented as taking place at 
C, of the “‘ di” unit (a), rather than at the alternative C,, and there are some grounds for 
this preference. It seems probable that mannan consists of a terminated chain of these 
repeating units, where is of the order of 30—60 (the particle size corresponding to 200— 
400 mannose residues). If the non-reducing terminal residue of the main chain is repre- 
sented by the “ di” unit (a), then this terminal unit in methylated mannan will give rise 
to 2: 3: 4-trimethyl mannose and no other likely combination of mannose residues in the 
repeating unit would yield 2:3: 4-trimethyl mannose. This trimethyl mannose is in fact 
obtained in small yield from methylated mannan, an observation that lends support to the 
view expressed and to the formulation of the side chain junction as being 1 : 6- and not 
1 : 2-glycosidic. It is to be observed that the termination of the main chain at any other 
point than that shown at (a), say at (5) or (c), means that the terminal mannose unit gives 
rise to tetramethyl mannose and no 2: 3: 4-trimethyl mannose would be formed. 


EXPERIMENTAL. 


The mannan was extracted from baker’s yeast by following the procedure of Haworth, 
Hirst, and Isherwood (loc. cit.). After purification by the method of these authors, the mannan 
showed [«]}” + 88° in water and + 90° in 5% sodium hydroxide solution (Found: ash, 0-6%). 

A sample of mannan (6 g.) was fractionated by solution in water (100 c.c.) containing acetic 
acid (5 c.c.) and precipitation by the addition of alcohol. The fractions showed [«]}®* + 87-5°, 
+ 88-5°, and + 88-0° in water. 

A sample of the mannan was treated with acetic anhydride and pyridine and the acetate, 
obtained in 80% yield, showed [«]?” + 59° (c, 0-835 in chloroform) (Found: CH,°CO, 44-4. 
Calc. for C,,H,,0,: CH,°CO, 44-89%). Haworth, Hirst, and Isherwood record [a]? + 62° for 
the acetate. 

Methylation of Mannan.—Mannan (20 g.), dissolved in water (100 c.c.) and 30% sodium 
hydroxide solution (50 c.c.), was methylated at 45—50° with methyl sulphate (250 c.c.) and 
30% sodium hydroxide solution (650 c.c.). Methylated mannan separated at the end of the 
methylation when the temperature was raised to 100°. The methylation treatment was re- 
peated eight times, in the last seven of which acetone was used as an additional solvent. The 
crude product was dissolved in chloroform, and the solution dried with anhydrous magnesium 
sulphate, concentrated to small bulk, and treated with light petroleum until it became turbid. 
The small fraction so precipitated, which contained most of the ash, was removed in a centrifuge 
and the clear solution was run into a large volume of petroleum. The methylated mannan so 
precipitated was dried in a vacuum first at 60° and finally at 100°. It was obtained in 70% 
yield and showed [a]}® + 88° in chloroform (Found: OMe, 44-1; ash, 0-3%). 

Fractionation of Methylated Mannan.—Methylated mannan (108 g.) was dissolved in chloro- 
form, and the solution concentrated until it became viscous. Light petroleum was added in 
small quantities with shaking until about 20 g. of the methylated mannan had separated 
(fraction A). Subsequent fractions were obtained by the further addition of petroleum. Each 
fraction was purified by reprecipitation from chloroform solution. Some properties of the frac- 
tions are given in Table I. The osmotic pressure and viscosity measurements in chloroform 
solution were carried out by Dr. W. T. Chambers in this laboratory. 
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TABLE I. 
M from 
OMe, % [a}}?" in Nop.|C- osmotic 
Fraction. Wt., g. Ash, %. (ashcorr.). CHCl, (c¢ =g./100c.c.). pressure. 
0-51 . +88-1° 0-212 
0-38 ° +88-3 0-211 
0-32 , +89-1 0-195 
0-35 : +87-9 0-175 
0-22 . +88-7 0-121 
0-33 ° +88-4 0-062 


Hydrolysis of Methylated Mannan.—Methylated mannan; fraction A (21-3 g.) was dissolved 
in glacial acetic acid (213 c.c.), and 5% hydrochloric acid (213 c.c.) added. The solution was 
heated on a boiling water-bath until its rotation was constant (ap + 2-04° —-> + 0-40° in 
12 hours). The hydrochloric acid was neutralised (to Congo-red) with barium carbonate 
(30 g.) and the acetic acid solution was taken to dryness at 45—50°. The residue was ex- 
haustively extracted with boiling chloroform, the combined extracts dried over anhydrous 
magnesium sulphate, and the chloroform evaporated. The hydrolysate (21-4 g.) was converted 
into the methyl glycosides by being boiled with 2% methyl-alcoholic hydrogen chloride (200 c.c.) 
until the rotation was constant (12 hours). The solution was neutralised with silver carbonate, 
and the product isolated in the usual way. The yield of the mixture of glycosides was 23-3 g. 

Fractions B, C, D and E of the methylated mannan were combined (71-6 g.) and submitted 
to the same hydrolytic procedure. The total yield from all the fractions except the last (i.e., 
from 92-9 g. of methylated mannan) was 97-5 g. of the mixture of glycosides. 

Fractional Distillation of the Glycoside Mixture.—The distillation was carried out in a high 
vacuum from a Widmer flask with a vacuum-jacketed column. The undistillable residue 
was rehydrolysed, and the product distilled. Ultimately the fractionation shown in Table II 
was achieved. Fraction 1 contained 0-92 g. of methyl levulate. 


TABLE II. 
a)p in [a]p in 

Fraction. Wt.,g. OMe, %. CHCl,. nw’. , , Coc, ne. 
1-02 —— ms 1-4258 . * +60°4° 1-4602 
13-72 58-9 +50°9° 1-4465 ° ° +723 1-4660 
9-59 58-9 +50-9 1-4472 . ° +88-6 1-4700 
6°65 59°6 +46-2 1-4480 . . +87°8 1-4708 
10-51 54-2 +45-8 1-4540 . . +52°7 1-4735 
2-64 51-4 +55:-0 1-4572 ° . +57°5 1-4540 
12-18 61-5 +60-0 1-4572 . 44: +783 1-4690 

4°64 51-5 +59-7 1-4580 Residue . — —_ 


It was possible to calculate on the basis of refractive index and methoxyl content the pro- 
portions, in the distilled glycosides, of tetramethyl methylmannoside (v3, 1-4475; OMe, 62-0%), 
trimethyl methylmannoside (n3”, 1-4575; OMe, 52-6%), and dimethyl methylmannoside 
(n}", 1-4705; OMe, 41-9%) as follows : 


TABLE III. 


oe Tetra,” oe _ ee Di,” ee Tetra,” ce es. aed oe _ 

Fraction. Wt., g. g. Fraction. Wt., g. 
0-10 9 
13-72 10 
ll 
12 
13 
14 

15 0-64 

Totals 94°75 


all 11 
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When allowance is made for the weights removed for refractive index determination, the 
weight ratio is tetra: tri: di = 34-44 : 33-26 : 27-57, which corresponds to a molecular ratio 
of 1-00 : 1-02 : 0-90. ; 

Examination of the Tetramethyl Methylmannoside Fractions.—Fraction 1 (Table II) con- 
tained methyl levulate, which was removed by heating with barium hydroxide solution at 
90° for 2 hours. It was thus shown that 90% of the fraction (1-02 g.) consisted of this ester. 
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Fractions 2 and 3 crystallised almost completely. Each showed [a], + 51° in chloroform 
and therefore consisted of 95% of tetramethyl a-methylmannopyranoside ([«]) + 57°). The 
8-form has [«]) — 87° (Haworth, Raistrick, and Stacey, Biochem. J., 1935, 29, 612). 

Fraction 2 (13-25 g.) was recrystallised from light petroleum, and 12-03 g. (92%) of crystalline 
tetramethyl «-methylmannopyranoside obtained showing m. p. 38—40° and je" 1-4480 (super- 
fused crystals). The crystalline fraction 2 (8-0 g.) was hydrolysed with hot 2n-sulphuric acid 
({a]p + 43°——> + 4° in 5} hours) and the syrupy product was boiled with aniline (1 mol.) in 
alcohol. Tetramethyl mannopyranose anilide (m. p. 144—145°) was obtained in quantitative 
yield. The anilide underwent mutoratation in dry methyl alcohol: [«]}* — 84-0° —» — 7-5° 
in 11 hours (Found: C, 61:8; H, 7-9; N, 4:9; OMe, 39-6. Calc. for C,,H,,O,N: C, 61-7; 
H, 8-0; N, 4:5; OMe, 39-9%). ; 

Examination of the Trimethyl Methylmannoside Fractions.—Fractions 6, 7, and 8 did not 
crystallise. 

Methylation of fraction 7. A portion of fraction 7 (0-5 g.) was methylated three times with 
methyl iodide and silver oxide; the product, after crystallisation from light petroleum, showed 
m. p. 39—40° and [a]}” + 60-0° (c, 1-0 in chloroform). In admixture with tetramethyl 
a-methylmannopyranoside it showed no depression of m. p. The yield was 91% and it is 
concluded that fraction 7 consists entirely of trimethyl methylmannoside. 

Hydrolysis of fraction 7. (a) A small-scale hydrolysis. was carried out with weak acid with 
a view to the detection of any methyl furanoside. Fraction 7 (0-25 g.) was dissolved in 
n/20-sulphuric acid (30 c.c.), and the solution kept at room temperature*for 16 hours. The 
rotation remained constant at [a]p + 45-6°. Similarly no hydrolysis occurred when the solution 
was heated on a boiling water-bath for 4 hours, or when the acid strength was increased to 
n/10 under the same conditions. It is probable, therefore, that a furanose sugar is not present. 
When the acid strength was increased to n, hydrolysis occurred at 100° and was complete in 
15 hours. 

(b) The bulk of fraction 7 (11-25 g.) was hydrolysed by heating at 100° with 2n-sulphuric 
acid for 5 hours ([a]p + 52-0° ——> + 10-4°). The acid was neutralised with barium carbonate, 
the solution evaporated, and the product extracted from the residue with ether. The yield 
of trimethyl sugar obtained under (a) and (b) was 10-71 g., i.e., 99%. This trimethyl mannose 
will be referred to as substance (A). 

When the syrup A was nucleated with 3: 4: 6-trimethyl mannose (m. p. 102°), crystallis- 
ation ensued. Subsequent recrystallisation indicated the presence of more than one substance 
and a laborious fractionation was carried out as follows : 


TABLE IV. 
Crop Al A2 A3 A4 A5 A6 AT A8 AQ AlO All Al2 
Wt.,g. 23 0-4 0-9 0-5 0-3 0-2 2:1 0-6 0-2 0-8 0-6 0-3 
M. p. 102° 100° 78° 90° 90° 88° 88° 85° 82° 92° 78° 95° 


The total weight of crystalline product was 9-2 g. (86%) and the non-crystalline residue, 
1-87 g. The latter will be referred to as (B). Fraction A8 was visually heterogeneous and it 
was possible to separate from it, mechanically, two crystalline forms (a) and (b), which were 
present in equal quantities. The first crop (a2) had m. p. 102° and was 3: 4: 6-trimethyl 
mannose. The second (b) melted at 90° and in admixture with (a), at 72°. 

The identification of the trimethyl mannose (b). The substance (b) mutarotated in aqueous 
solution in the same direction ([a]}*° + 21° —» + 14° in 2 hours) as 3: 4: 6-trimethyl a-man- 
nose and could, therefore, not be the $-form of this sugar. Its analysis corresponded to its 
being a monohydrate (Found: C, 45-2, 45-3; H, 8-2, 8:3; OMe, 39-0, 39-2. C,H,,0,,H,O 
requires C, 45-0; H, 8-3; OMe, 38-75%). This was confirmed when the crystals (164 mg.) 
were heated at 100° in a vacuum to constant weight. The loss in weight was 6-9% 
(C,H,,0,,H,O requires H,O, 7-5%). The dehydrated material was a syrup which on contact 
with any ordinary solvent (e.g., acetone, ether) reverted to the crystalline hydrate, m. p. 90°. 
All attempts to prepare a hydrate from authentic 3: 4: 6-trimethyl mannose were without 
success and it was concluded that (b) was not a hydrate of 3: 4: 6-trimethyl mannose. A 
similar lack of success attended attempts to prepare a hydrate of 2: 3: 4-trimethyl mannose 
(itself a syrup). 

For reasons given later, substance (b) was recognised as 2: 4: 6-irimethyl mannose mono- 
hydrate and the crystalline substance (A) is a mixture of this hydrate with 3: 4: 6-trimethyl 
mannose. 


7 
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The separation of (A) into its constituents was achieved by its condensation with acetone. 
The crystalline crops A3, 7, 9, 10 and 11 were combined (3-87 g.) and dehydrated at 100°. The 
loss in weight corresponded to the presence of 65% of the monohydrate. The dehydrated 
product (a syrup, 3-68 g.) was dissolved in dry acetone (200 c.c.) to which was added concen- 
trated sulphuric acid (1-5 c.c.), and the solution kept at room temperature for 24 hours. After 
neutralisation with anhydrous sodium carbonate, the solution was evaporated at 40—50° in 
, the presence of a little barium carbonate. The residue was extracted with warm ether; the 
extract on cooling deposited large crystals (1-30 g.) of 2 : 4: 6-trimethyl mannose monohydrate 
(m. p. 89—90°). 

The ethereal mother-liquor was evaporated, and the residue extracted several times with 
small volumes of warm light petroleum. The extract, which contained 3: 4: 6-trimethyl 
1 : 2-monoacetone mannose, was evaporated. The residue insoluble in petroleum was submitted 
to a second treatment with acetone and sulphuric acid and further quantities of 2: 4: 6-tri- 
methyl mannose monohydrate and 3 : 4 : 6-trimethyl 1 : 2-monoacetone mannose were obtained. 
The total weight of the hydrate separated was 1-8 g., corresponding to 70% of the hydrate in 
the mixture (Found: C, 45-1; H, 8-3; OMe, 39-7. Calc. for C,H,,0,,H,O: C, 45-0; H, 8-3; 
OMe, 38-75%). 

It was shown that the material soluble in light petroleum was the acetone derivative of 
3 : 4: 6-trimethyl mannose inasmuch as its hydrolysis with hot n-sulphuric acid yielded crystal- 
line 3 : 4: 6-trimethyl «-mannose (m. p. and mixed m. p. 102°) in 80% yield. 

The two trimethyl mannoses mutarotated in the same direction, thus: 3: 4: 6-Trimethyl 
a-mannose: [a]i®* + 27-5° ——> 10°, equilibrium value in water (c, 1-0). 2:4: 6-Trimethyl 
a-mannose monohydrate : [a]}* + 23° —-> + 16°, equilibrium value in water (c, 1-0), calculated 
on basis of anhydrous material. 

Fractions A4, A5, and A6 were combined (1-0 g.) and heated to constant weight at 100°. 
The loss in weight was 7-5% and it was therefore concluded that this material contained no 
3:4: 6-trimethyl mannose (Calc. for CJH,,0,,H,O : H,O,7-5%). It was fractionally crystallised 
from either and two crops of crystals, 1 and 2, were separated. 

Crop 1 (0-72 g.) was 2 : 4: 6-trimethyl a-mannose monohydrate, m. p. 89—90°. 

Crop 2 (48 mg.), m. p. 104—107°, proved to be the anhydrous §-form of this sugar (Found : 
C, 48-3; H, 8-1; OMe, 42-6. C,H,,0, requires C, 48-7; H, 8-1; OMe, 41-9%). It mutarotated 
upwards, [a]? — 5-7° —-> +.19-0°, equilibrium value in water (c, 2-1), and was converted into 
the hydrate of the «-form by solution in water containing a trace of hydrochloric acid (0-1%). 
The substance clearly is 2 : 4 : 6-trimethyl 8-mannose. 

The non-crystalline residue (B). This syrup (1-87 g.) contained OMe, 42-1% (C,H,,0, 
requires 41-99%) and showed [a]}®* + 9-4° in water (c, 1-27) and + 26-5° in methyl alcohol 
(c, 1-66). A portion of the syrup (0-54 g.) was converted into the glycoside by being boiled with 
2% methyl-alcoholic hydrogen chloride for 9 hours ([«]p + 30°-——> + 83-5°). The glycoside 
(0-57 g.; 98% of the theoretical) was methylated by three treatments with methyl iodide and 
silver oxide. The product (0-56 g.; 92%) crystallised completely and on recrystallisation from 
light petroleum gave pure tetramethyl «-methylmannopyranoside (0-50 g., m. p. 38—40°, [a]}9° 
+ 60° in chloroform) in 90% yield. Clearly (B) contains only mannose derivatives. 

Oxidation of (B). The remainder of the syrup B (1-3 g.) was dissolved in water (12 c.c.) 
and treated with bromine (1-5 c.c.). After 2 days at room temperature, the solution, which 
was no longer reducing, was aerated and neutralised with silver carbonate. The silver salt in 
solution was decomposed with hydrogen sulphide, and the solution filtered and evaporated at 
35—40°. Thesyrupy product was “‘lactonised ” by being heated at 90° in a vacuum for } hour. 
Yield, 0-85 g. (65% of the theoretical). The syrup was dissolved in a little ether and, on being 
cooled, the solution deposited a small quantity of crystals. Two crystalline forms were present 
and it was possible to separate them mechanically into fractions 1 (80 mg.; plates) and 2 
(120 mg.; fine needles). Fraction 1, after recrystallisation, had m. p. 97° alone and in admixture 
with authentic 3:4: 6-trimethyl 8-mannonolactone (m. p. 97°). In admixture, however, 
with 2: 4: 6-trimethyl $-mannonolactone (m. p. 97—98°), the m. p. was depressed to 74°. 
Fraction 2, after recrystallisation from ether, had m. p. 72—73° and showed no depression of 
m. p. in admixture with 2 : 3 : 4-trimethyl 8-mannonolactone (m. p. 73-5°; specimen synthesised 
by P. I. Wilson in this laboratory: cf. Haworth, Hirst, Isherwood, and J. K. N. Jones, 
loc. cit.). 

Further quantities of the two lactones were obtained from the mother-liquors, which were 
ultimately evaporated to dryness to give a syrup (0-5 g.). This syrup was dissolved in methyl- 
alcoholic ammonia. After 2 days at 0°, the ammonia and methyl alcohol were removed in a 
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vacuum desiccator, and the residue crystallised. Several crops of crystals were obtained from 
solution in a number of solvents, but each crop consisted of a mixture of amides which could not 
be satisfactorily separated. A small specimen (12 mg.) was obtained with m. p. 130° and 
this was shown to consist almost entirely of 2 : 3 : 4-trimethyl mannonamide, since in admixture 
with an authentic specimen (m. p. 138°) it showed no depression of m. p. The amide gave a 
negative Weerman test for «-hydroxy-amides. 

The I dentification of 2:4: 6-Trimethyl Mannose.—2 : 4: 6-Trimethyl mannose anilide was 
prepared in 65% yield by boiling dehydrated 2: 4 : 6-trimethyl mannose monohydrate (0-1 g.) 
with aniline (42 mg.) in dried alcohol (6 c.c.). The anilide crystallised from ether in fine needles, 
m. p. 134°. Itdisplayed mutarotation in dry methyl-alcoholic solution : [«]?°°— 150° —» + 8° 
in 13 hours. Prepared similarly, 3: 4 : 6-tvimethyl mannose anilide had m. p. 140—143° and 
[a]?® + 154-5° —-> — 55-5° in methyl alcohol (24 hours) (Found: C, 60-6; H, 8-0; N, 4-7; 
OMe, 31-7. C,,H,,0,N requires C, 60-6; H, 7-8; N, 4:7; OMe, 31:3%). The m. p. of the 
mixture of the two anilides was depressed. 

2:4: 6-Trimethyl 8-mannonolactone was prepared from the monohydrate by oxidation 
with bromine water in the usual way. The product crystallised after distillation in a high 
vacuum (Found: OMe, 42-3. C,H,,0, requires OMe, 42:3%). It melted at 97—98° and in 
admixture with 3: 4: 6-trimethyl 3-mannonolactone (m. p. 97°), the m. p. was depressed to 
72°. Similarly, a mixture with 2:3: 4-trimethyl 8-mannonolactone (m. p. 73°) showed a 
depressed m. p. 

The rate of hydration in aqueous solution indicated that all three lactones were of the 
8-series, thus : 

2:4: 6-Trimethyl d-mannono-8-lactone, [«]}” + 141° —> + 30° in 103 hours. 

3: 4:6-Trimethyl d-mannono-8-lactone, [a]? + 169° —»> + 113° in 71 hours (cf. Bott, 
Haworth, and Hirst, J., 1930, 1404). 

2:3:4-Trimethyl d-mannono-8-lactone, [a]}® + 129-2°-——»> + 78-4° in 72 hours (cf. 
Haworth, Hirst, Isherwood, and Jones, Joc. cit.). 

2:4: 6-Trimethyl d-mannonamide was prepared in the usual way from the lactone. It 
had m. p. 145° and [«]?” + 7-0° in water (c, 2-03) (Found: C, 45-7; H, 7-9. C,H,,O,N requires 
C, 45-6; H, 80%). The amide gave a negative Weerman test for «~-hydroxy-amides. 

_ 3:4: 6-Trimethyl d-mannonamide was also prepared in quantitative yield from the corre- 
sponding lactone. After recrystallisation from acetone-light petroleum it showed m. p. 143° 
and [a]i®* + 28° in water (c, 1-0). 

Haworth, Hirst, Isherwood, and Jones (loc. cit.) record for 2 : 3 : 4-trimethyl d-mannonamide, 
m. p. 143° and [a]? + 5° in water (c, 0-8). 

2:4: 6-Trimethyl a-Methylmannoside.—This was prepared by the treatment of 2: 4 : 6-tri- 
methyl mannose monohydrate (0-5 g.) with 2% methyl-alcoholic hydrogen chloride (50 c.c.). 
At room temperature, [«]}” changed from + 32° to + 58° in 151 hours. Thereafter the solution 
was boiled until the rotation became constant at + 70° (4 hours). The product, which was 
a syrup (0-46 g.; 94% of the theoretical), was methylated by three treatments with methyl 
iodide and silver oxide, and crystalline tetramethyl «a-methylmannopyranoside (m. p. 38—39° ; 
[«]?°" + 62° in chloroform) obtained in 94% yield. It showed no depression of m. p. in 
admixture with an authentic specimen. 

Methylation of 2: 4: 6-Trimethyl Mannonolactone.—The crystalline lactone (m. p. 97—98°; 
0-35 g.) was dissolved in the minimum volume of dry acetone and methylated twice with methyl 
iodide (5 c.c.) and dry silver oxide (0-5 g.). The product, extracted with chloroform, was a syrup 
which contained silver tetramethyl mannonate, methyl tetramethyl mannonate, and small 
amounts of methyl pentamethyl mannonate. Accordingly, it was dissolved in water, and the 
silver salts decomposed with hydrogen sulphide. The esters were hydrolysed by treatment of 
the product with a slight excess of n/10-sodium hydroxide. Thereafter the solution was made 
just acid with n/10-sulphuric acid and finally neutralised with silver carbonate. The soluble 
silver salts wefe decomposed with hydrogen sulphide and the syrup obtained by evaporation 
was purified by solution in ether, filtration and the evaporation of the solution. The product 
(0-24 g.) was distilled in a high vacuum. The small first fraction was discarded; the main 
fraction (0-175 g.), boiling at bath temperature 140°/0-1 mm., had 3" 1-4620. In aqueous solu- 
tion (c, 1-0) it showed [«]}®” + 120° —» + 54° in 100 hours. This fraction was shown to consist 
mainly of tetramethyl d-mannono-8-lactone inasmuch as its treatment in ethereal solution with 
phenylhydrazine gave, in 70% yield, 2: 3:4: 6-tetramethyl mannonic acid phenylhydrazide 
(m. p. and mixed m. p. 186—187°). Proof is thus afforded that the original trimethyl mannono- 
lactone belongs to the 8-series. 

3K 
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Examination of the Dimethyl Methylmannoside Fractions.—After being kept for some weeks, 
fractions 11 and 12 (Table II) crystallised to hard masses, m. p. 80°. 

Fraction 11 was shown to be composed entirely of 3 : 4-dimethyl «-methylmannoside. A 
portion of fraction 11 (0-48 g.) was methylated by four treatments with methyl iodide and silver 
oxide. The product (0-47 g.; 90% of the theoretical yield) crystallised completely. It was 
recrystallised from light petroleum and was recognised as tetramethyl a-methylmanno- 
pyranoside (m. p. 39—40°; [«]??° + 59° in chloroform). The remainder of fraction 11 (11-86 g.) 
was now fractionally crystallised from acetone-ether. The main crops (10-30 g.) were identical 
(m. p. 87°; [«]}® + 67° in water; + 107° in chloroform; x}*° 1-4730 on superfused crystals). 
In addition, a non-crystallisable residue (R) (1-35 g.) was obtained. 

The crystalline dimethyl «-methylmannoside (8-0 g.) was hydrolysed by heating at 100° 
with 2n-sulphuric acid (400 c.c.). The following changes in [a], were observed: + 65° —~> 
+ 0° (constant value) in 5 hours. The product of hydrolysis was a crystalline solid (7-19 g.; 
95% of the theoretical yield). After recrystallisation from acetone-ether it showed m. p. 
114° and [a]? + 30-0° in dry methyl alcohol (c, 1-0) (Found: C, 42-7; H, 8-1; OMe, 27-2; 
H,0 of hydration, 8-3. Calc. forC,H,,0,,H,O: C, 42-5; H, 7-9; OMe, 27-4; H,O of hydration, 
8-0%). It was identified as 3 : 4-dimethyl «-mannose monohydrate (cf. Haworth, Hirst, and 
Isherwood, loc. cit.). In aqueous solution the monohydrate displayed mutarotation: [«]}* 
+ 22° (initial value); + 14° (10 mins.); + 10° (20 mins.); + 6° (40 mins.); + 4° (60 mins.) ; 
+ 4° (80 mins.). 

The syrup residue (R), which showed [«]}* + 35° in chloroform, was shown to be 3: 4-di- 
methyl «8-methylmannoside inasmuch as it gave, on hydrolysis with 2N-sulphuric acid, crystal- 
line 3 : 4-dimethyl mannose monohydrate (m. p. 112—113°) in 90% yield. 

3: 4-Dimethyl 8-Mannonolactone.—The conclusions of Haworth, Hirst, and Isherwood 
(Joc. cit.) on the constitution of the dimethyl mannose are confirmed. Oxidation of the dimethyl 
mannose monohydrate (1-5 g.) with bromine water yielded the crystalline lactone, m. p. 159— 
160°; [a]}*° in water, + 178° —-> + 131° (constant) in 120 hours (Found: C, 46-6; H, 6-6; 
OMe, 30-1. Calc. for C,H,,0O,: C, 46-6; H, 6-8; OMe, 30-1%). Treatment of the lactone with 
methyl-alcoholic ammonia gave 3: 4-dimethyl mannonamide (m. p. 141°; [a]}?" + 25-7° in 
water) (Found: C, 43-4; H, 7-8; N, 6-4; OMe, 27-6. Calc. for C,H,,0,N: C, 43-1; H, 7-6; 
N, 6:3; OMe, 27-7%). The amide gave a strongly positive Weerman test for an «-hydroxy- 
amide. 

Conversion of 3:4-Dimethyl Mannose into 3:4: 6-Trimethyl Mannose.—3 : 4-Dimethyl 
mannose monohydrate (3-0 g.) was dissolved in acetone (120 c.c.) to which concentrated sulphuric 
acid (0-9 c.c.) was added. The reaction at room temperature was complete in 24 hours and 
thereafter the solution was neutralised with sodium carbonate, filtered, and evaporated at 35° 
in the presence of a little barium carbonate. The residue was exhaustively extracted with ace- 
tone, and a syrup recovered from the extract. The syrup was then repeatedly extracted with 
ether, in which the greater part dissolved. The small ether-insoluble residue was shown to 
be unchanged 3: 4-dimethyl mannose. The ethereal extract was evaporated, and the residue 
extracted with warm light petroleum. On being concentrated. the extracts deposited 3 : 4-di- 
methyl mannose 1 : 2-monoacetone in large plates (0-40 g., i.e., 18% yield). The compound had 
m. p. 94° and [«]i®* — 17° in water (c, 1-0; no mutarotation). It was non-reducing to Fehling’s 
solution (Found: C, 53-3; H, 8-1; OMe, 24-8. (C,,H» O, requires C, 53-2; H, 8-1; OMe, 
250%). It was hydrolysed in the cold by n/100-sulphuric acid ([a]?” — 17° —» + 3° in 
380 hours). 

The monoacetone derivative (0-1 g.) was now methylated by two treatments with methyl 
iodide and silver oxide and yielded a mobile syrup (Found: OMe, 35-3. C,,H,,O, requires 
OMe, 35-5%). The syrup (0-1 g.) was hydrolysed by being treated ‘at 100° with n-sulphuric 
acid (10 c.c.) : [«]}* + 10°——» + 4° in 2 hours. The product was 3: 4 : 6-trimethyl mannose 
(m. p. and mixed m. p. 102—103°) and was obtained in quantitative yield. 


A. E. Hitts LABoraTorigs, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM. [Received, October 24th, 1941.] 
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150. The Electrical Conductivities of Aqueous Solutions of Some 
Phenanthrenesulphonic Acids. 


By Tuomas R. BoLtam and JAMES Hope. 


The conductivities and densities of aqueous solutions of p-toluenesulphonic acid, 
phenanthrene-2-sulphonic acid, phenanthrene-3-sulphonic acid, 9-chlorophenanthrene- 
3-sulphonic acid, and 9-bromophenanthrene-3-sulphonic acid have been determined 
at 18° and 25° over a wide range of concentrations. In sufficiently dilute solutions 
the conductivity varies with the concentration according to the Onsager theory. Al- 
though the conductivity curve for the toluene acid is essentially that of a simple strong 
electrolyte, the curves for the phenanthrene acids show features characteristic of the 
behaviour of colloidal electrolytes. The tendency to form micelles at relatively low 
concentrations increases in the order 3-acid, 2-acid, chloro-acid, bromo-acid. The 
conductivities of isotropic solutions of the halogenated acids do not pass through minima, 
and have practically identical values at the highest concentrations. It is confirmed 
that the chloro-acid shows anisotropy more readily than the bromo-acid. As a whole, 
the data for the halogen derivatives indicate that these compounds form two types of 
aggregate in aqueous solution. In all cases the density varies linearly with the con- 
centration over a considerable range. No breaks were detected in the density curves 
for the halogenated acids. 


SANDQVIST (Annalen, 1913, 398, 125; Arkiv Kemi, Min. Geol., 1913—1915, 5, No. 17; 
1916—1917, 6, No. 9; Kolloid-Z., 1916, 19, 113; Ber., 1920, 53, 158, 168) prepared 9- 
bromophenanthrene-3-sulphonic acid and examined certain physical properties of its 
aqueous solutions. Since, on the one hand, the solutions were good conductors of electricity, 
and, on the other, diffusion and cryoscopic data indicated that aggregation occurred to an 
increasing degree as the concentration was increased, he concluded that the acid should be 
regarded as a colloidal electrolyte. 

Sandqvist prepared several other phenanthrenesulphonic acids but did not investigate 
their behaviour in aqueous solution in detail; however, he noted that under certain con- 
ditions of concentration and temperature solutions of the bromo-acid became turbid and 
anisotropic, and also that the viscosity of the solutions was enormously increased by the 
addition of mineral acids. Consequently, he examined the related acids for the presence 
or absence of such phenomena, and his observations suggested that further study of the 
influence of chemical constitution upon the properties of these compounds should be of 
interest in the field of colloidal electrolytes. 

We now report an extensive investigation of the electrical conductivities at 18° and 25° 
of aqueous solutions of phenanthrene-2-, phenanthrene-3-, 9-bromophenanthrene-3-, 
and 9-chlorophenanthrene-3-sulphonic acids. For comparison, measurements were also 
made with #-toluenesulphonic acid over a wide range of concentrations, this acid being 
selected as representing simple aromatic sulphonic acids. 


EXPERIMENTAL. 


Phenanthrene-2- and -3-sulphonic Acids.—Phenanthrene (m. p. 99°) was sulphonated at 
120—125° for 3 hours, and barium phenanthrene-2-sulphonate and potassium phenanthrene-3- 
sulphonate prepared as described by Fieser (J. Amer. Chem. Soc., 1929, 51, 2465). The free 
acids were obtained by boiling the barium salts with suitable excess of sulphuric acid, removing 
barium sulphate, and adding concentrated hydrochloric acid. After three precipitations, the 
sulphonic acid was kept over sodium hydroxide until dry and free from hydrochloric acid, then 
dissolved in acetone, and benzene carefully added. The oily liquid which first separated was 
removed before precipitation of the purified white solid acid by further addition of benzene. 
Titration (with alkali) of the 2-acid, dried over phosphoric oxide at 100° for 24 hours, gave M, 
258-4, 258-7 (Calc.: M, 258-2). The m. p. of the p-toluidine salt was 286°, whereas Fieser 
(loc. cit.) gives 291°, but the salt readily crystallised, a sign, according to Fieser, that it was free 
from isomers. Titration of the 3-acid, dried over sodium hydroxide, gave M, 294-7 (Calc. for 
dihydrate: M, 294-2). Them. p. of the acid was 88° (Sandqvist, Annalen, 1909, 369, 104, gives 
88—89°), and that of the easily crystallised p-toluidine salt, 220-5° (Fieser gives 222°). 
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9-Bromo- and 9-Chloro-phenanthrene.—9-Bromophenanthrene, prepared by Sandqvist’s 
method (A mnalen, 1913, 398, 136) and recrystallised from petroleum (b. p. 80—100°), was almost 
white and had m. p. 61—62°. Sandqvist (loc. cit.) gives 58—63°, and Haydruck (Amnalen, 
1873, 167, 181), 63°. 

9-Chlorophenanthrene was prepared as described by Sandqvist and Hagelin (Ber., 1918, 
51, 1515). Vigorous stirring of the reaction mixture during chlorination was necessary for good 
yields (25—30 g. from 50 g. of phenanthrene). After crystallisation from petroleum (b. p. 
80—100°), the product was almost white; m. p. 48—50°. Sandqvist and Hagelin give 
53—53-5°. 

9-Bromo- and 9-Chloro-phenanthrene-3-sulphonic Acids.—The halogenated phenanthrene 
(20 g.) was treated with concentrated sulphuric acid (18 ml.) for some hours at about 100°, 
the acid being added in several portions, and the mixture kept constantly stirred. The very 
viscous sulphonated mass was cooled, filtered off under suction to remove sulphuric acid, dis- 
solved in a small quantity of water, and boiled with charcoal. After cooling, concentrated 
hydrochloric acid was added, and the gelatinous precipitate of sulphonic acid separated by 
means of a centrifuge. The precipitation was repeated twice, and the acid then kept over sodium 
hydroxide to remove water and hydrogen chloride. Further purification was effected by dis- 
solving the acid in acetone and reprecipitating it by addition of benzene, the procedure being 
twice repeated. Since solutions of the acids darkened on exposure to light, they were kept 
shielded as far as possible. The almost white product was finally dried in a vacuum desiccator. 
The following data were obtained with samples reprecipitated from acetone and dried at 100°. 
Bromo-acid (Found, by titration: M, 337-2. Calc.: M, 339-1), m. p. 203-5—204°; Sandqvist 
(loc. cit., 1916—1917) gives m. p. 200—201°. Chloro-acid (Found, by titration: M, 291-5, 
292-7, 292-0. Calc.: M, 292-6), m. p. 208-8—209-3°. Sandqvist (Amnalen, 1918, 417, 17) gives 
m. p. 206—207°. 

p-Toluenesulphonic Acid.—“‘ B. D. H. Micro-analytical Reagent ’’ was used without further 
purification. Apart from a trace of iron, it was free from inorganic matter. Titration of the 
acid, dried over phosphoric oxide for several weeks, gave M, 190-4, 191-0 (Calc.: M, 190-2). 

Conductivities.—The conductivities were measured by means of a Cambridge bridge, which 
was provided with a “‘ reed hummer ”’ supplying A.C. at 1000 cycles/sec. A large silica cell, 
similar to that described by Howell and Handford (Trans. Faraday Soc., 1933, 29, 640), was 
employed for concentrations below 0-001N. Cell constants were determined with 0-1 ‘‘ demal ” 
potassium chloride, the specific conductivity of this solution being taken as 0-011163 ohm-! 
cm.-! (Parker and Parker, J. Amer. Chem. Soc., 1924, 46, 312) at 18°. 

All solutions were prepared from water distilled in the apparatus designed by Vogel and 
Jeffery (J., 1931, 1201). By passing a stream of purified nitrogen through the still, and thus 
operating slightly above atmospheric pressure, water of specific conductivity 0-65—0-75 x 10* 
ohm-! cm.-! at 18° was easily prepared as required. Although tests with Nessler’s solution 
showed the complete absence of ammonia, yet an appreciable decrease in the conductivity was 
observed when purified nitrogen was bubbled for several hours through a sample of the water 
in the silica cell. It appeared safe to assume that the conductivity was chiefly due to 
carbon dioxide (see Wynne-Jones, J]. Physical Chem., 1927, 31, 1653), and no solvent correction 
was applied. 

Each series of solutions was prepared by dilution, by weight, of a suitable solution of approxi- 
mately known concentration. The composition of one or two of the solutions was determined 
by titrating a known weight with alkali, the densities of all the solutions were measured, and the 
volume normalities calculated. 


DISCUSSION. 


p-Toluenesulphonic Acid.—In Fig. 1 (I) the equivalent conductivity (A) at 25° is plotted 
against the square root of the volume normality up to a concentration of about 0-04N. 
The curve is shown in two portions, the upper one extending to about ~/c = 0-01 and the 
lower comprising the remaining concentrations. The straight line corresponds to the 
equation A = Ay — (0-2274A, + 59-79)*/c, A, being taken as 383-0. This is the version 
of Onsager’s equation (for a uni-univalent electrolyte at 25°) commonly found in the litera- 
ture. According to the data quoted by Falkenhagen (‘‘ Electrolytes,” 1934, 193) the con- 
stants should be 0-2271 and 59-78, but the differences are of no importance in the present 
instance. Upto ~/c=0-10 the authors’ data are fairly well represented by the Onsager line, 
the divergence in regard to A seldom exceeding 0-5 unit. The most reliable previous work 





1 
, 
5 
’ 
1 


Saw SB We aw 


[1941] Aqueous Solutions of Some Phenanthrenesulphonic Acids. 845 


is that of Wegscheider and Lux (Monatsh., 1909, 30,411; cf. da Monte and Zoso, Gazzetia, 
1897, 27, ii, 467; Wightman and Jones, Amer. Chem. J., 1911, 46, 56; Dawson and Crann, 
J., 1916, 109, 97), whose values show good agreement with the Onsager line up to about 
Wc = 0-18, but their results may be subject to a slight experimental error, since they are 
based on the value for the specific conductivity of 0-02N-potassium chloride obtained by 
Kohlrausch, Holborn, and Diesselhorst (Wied. Annalen, 1898, 64, 417), whose values for 
1-0n-, 0-10N-, and 0-01N-solutions have been shown by Jones and Prendergast (J. Amer. 
Chem. Soc., 1937, 59, 731; see also Davies, J., 1937, 1326) to be probably in error by 
+ 0-60, — 0-048, and + 0-110%, respectively. Between /c = 0-10 and /c = 0-20 the 
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I. p-Toluenesulphonic acid at 25° (AA Wegscheider and Lux). II. Phenanthrene-3-sulphonic acid at 
18° (x Sandgqvist). IIl. Phenanthrene-2-sulphonic acid at 18° (x Sandgvist). 


experimental curve diverges from the Onsager line, the conductivity falling Jess rapidly 
than at the lower concentrations. The figure does not include one further value obtained 
by Wegscheider and Lux, viz. A = 352-6 for ~/c = 0-225, i.e., 2-6 units higher than the 
theoretical value. 

Up to about ~/c = 0-10, the data for dilute solutions at 18° showed fairly good agree- 
ment with the Onsager equation (see Falkenhagen, op. cit., p. 193) 


A = Ag — (0-2238A, + 50-49)V/c, 


A, being taken as 343-5. With one exception (A = 186-8 for 1c = 1-133), the data for 
the higher concentrations at 18° are plotted in Fig. 3 (II). Although the general shape of 
the curve resembles that for hydrochloric acid (I) (I.C.T., 1929, VI, 242), there are appreci- 
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able differences. For the present purpose, the theoretical line for hydrochloric acid may be 
obtained with sufficient accuracy by assuming that Onsager’s theory applies at 0-001N, 
and estimating the value of A at this concentration, by interpolation, from the data of 
Shedlovsky and MacInnes (J. Amer. Chem. Soc., 1935, 57, 1705). This gives Ay = 381-7. 
Divergence from the Onsager line is always less marked with the sulphonic acid than with 
hydrochloric acid. Whereas the theoretical and the experimental curve for the former 
acid meet at about +/c = 0-85, those for the latter are still wide apart in this region. 
Phenanthrene-3-sulphonic Acid.—The data for the more dilute solutions at 18° are 
shown in Fig. 1 (II), and those for the higher concentrations in Fig. 3 (III) (excluding 
A = 167-2 at ~/c = 1-124). Onsager values have been calculated by assuming A, = 341-5. 
Although the measurements are less accurate than those for the toluene acid, the theoretical 
curve fairly represents the actual data up to about ~/c = 0-15. With one exception, 
Sandqvist’s values (Annalen, 1909, 369, 104; Arkiv Kemi, Min. Geol., 1911—1913, 4, No. 


Fic. 2. 
Conductivities of halogenated phenanthrenesulphonic acids at 18°. 
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A\ 9-Chlorophenanthrene-3-sulphonic acid. ©) 9-Bromophenanthrene-3-sulphonic acid (X Sandqvist). 


33, 23, 24) lie on a straight line much below those of the authors. All of Sandqvist’s figures 
appear to be based on the value given by Kohlrausch and Holborn (“ Leitvermégen der 
Elektrolyte,” 1898, p. 77; measurements by Kohlrausch, Holborn, and Diesselhorst, loc. 
cit.) for the specific conductivity of 0-01N-potassium chloride at 18°. Jones and Prender- 
gast (loc. cit.) have shown that the value is probably too low by 0-017%, but this is quite 
inadequate to account for the present discrepancy. 

The behaviour of the phenanthrene acid differs considerably from that of the toluene 
acid. In the neighbourhood of /c = 0-15 the experimental curve commences to fall 
below the theoretical line, and up to about a/c = 0-35 bends markedly in the direction of 
the x-axis (Fig. 3). -Over the range ~/c = 0-35—0-85 a second inflection, in the opposite 
sense, occurs, and at still higher concentrations the curve again changes direction. Alto- 
gether, the curve closely resembles that obtained by Laing-McBain, Dye, and Johnston 
(J. Amer. Chem. Soc., 1939, 61, 3210) for the straight-chain sulphonic acid C,H,,°SO,H, 
the inflections, however, being more marked in the case of the aromatic acid. Those 
workers determined the conductivities of a number of the straight-chain acids at 25°, and 
their results show that, as the number of carbon atoms increases from 2 to 14, there is a 
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gradual transition from typical fully dissociated electrolytes to well-marked colloidal 
electrolytes, the heptyl and nonyl acids occupying an intermediate position. It would 
therefore appear from the shape of the conductivity curve that the formation of micelles 
occurs to an appreciable extent in aqueous solutions of phenanthrene-3-sulphonic acid. 
Phenanthrene-2-sulphonic Acid.—The data for dilute solutions at 18° are plotted in Fig. 1 
(III), which also includes the highest values obtained by Sandqvist (Arkiv Kemi, Min. — 
Geol., 1911—1913, 4, No. 33, p..55; Amnnalen, 1911, 379, 79) in three independent series of 
measurements. The straight line is Onsager’s curve with Ay = 341-5, as for the 3-acid. 


Over the range ~/c = 0-035—0-08 the experimental points are close to the theoretical line. 


Fic. 3. 
Conductivities at 18°. 
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I. Hydrochloric acid (ordinates in parentheses). II. p-Toluenesulphonic acid. III. Phenanthrene-3- 
sulphonic acid. IV. Phenanthrene-2-sulphonic acid. V. 9-Chlorophenanthrene-3-sulphonic acid. VI. 9- 
Bromophenanthrene-3-sulphonic acid (xX Sandqvist). Straight lines = Onsager equation. 


It seems preferable to attribute the lack of agreement at the three lowest concentrations 
to experimental error, rather than to assume a higher value for Ag, since it is not likely that 
the difference in the position of the sulphonic group would influence the mobility of the 
sulphonate ion to an appreciable extent. 

The experimental curve diverges from the straight line in the same manner as that of 
the 3-acid, but the divergence commences at a lower concentration, viz., about Vc = 0-1. 
Careful repurification of the acids produced no significant change in the results, and it would 
therefore appear that there is a genuine difference in behaviour. Since, presumably, the 
earlier divergence indicates that the 2-acid shows a greater tendency to form micelles than 
does the 3-acid, it is surprising that at the higher concentrations (Fig. 3) the curves for the 
two acids are practically parallel. Owing to the restricted solubility of the 2-acid, it was 
not possible to extend the measurements above about 0-3N. 
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Halogenated Phenanthrenesulphonic Acids.—The data for 18° are shown in Figs. 2 and 
3, which include the higher set of values for the bromo-acid obtained by Sandqvist (Arkiv 
Kemi, Min. Geol., 1913—1915, 5, No. 17, 39,40; 1916—1917, 6, No. 9, 34,35; Kolloid-Z., 
1916, 19, 113) in two independent series of measurements. Although our results are in 
quite good agreement with his above about +/c = 0-15, below this there is marked dis- 
crepancy. Up to roughly ~/c = 0-06 the present data, except those for the lowest concen- 
trations studied, agree fairly well with the Onsager equation obtained by taking A, = 
341-3. With further increase in concentration the curves undergo inflections similar in 
nature to those observed with the unsubstituted acid, but very much more pronounced. 
The general shape of the curves is similar to that of the higher straight-chain sulphonic 
acids and sulphonates (see, ¢.g., Murray and Hartley, Trans. Faraday Soc., 1935, 31, 183; 
Hartley, J. Amer. Chem. Scc., 1936, 58, 2347 ; Tartar et al., ibid., p. 322; 1939, 61, 549; 
Laing-McBain, Dye, and Johnston, Joc. cit.), and it is evident that the introduction of a 
halogen atom at the 9-position markedly increases the tendency to micelle formation. 

Determinations of the turbidity points of two solutions of the chloro-acid gave the 
following results : 





Turbidity point. 
c (N). Heating. Cooling. Mean. ‘ 
0-3115 17-75° 17-69° 17-72° 
0-2302 9°78, 9-78 9°73, 9-75 9-76 


Sandqvist (Kolloid-Z., 1916, 19, 113; Amnalen, 1918, 417, 17) found that his values for the 
turbidity point could be represented to within about 0-05° by an equation of the form 
t° =a -+ blog C, where a and b are constants, and C is the concentration in mols. per 100 
mols. of solution. For the chloro-acid, Sandqvist obtained a = 34-3 and b = 60-2, whereas 
our data give a = 31-03 and 6 = 58-28. However, Sandqvist states that his values are 
only approximate, and a proper comparison is therefore not possible. The values now 
obtained being adopted, it follows that the concentration of the solution with a turbidity 
point of 18° will be 0-315n, Sandqvist’s approximate figure being 0-284n. (A turbid, and 
therefore anisotropic, solution of the chloro-acid separated into two distinct layers, as 
reported by Sandqvist. The upper layer was quite clear, and the lower one turbid and 
streaky.) According to Sandqvist’s data for the bromo-acid, the concentration of the 
solution with a turbidity point of 18° will be 0-425n, and we have observed that a 0-3115N- 
solution is still quite clear at a temperature below the turbidity point of an equally concen- 
trated solution of the chloro-acid. Hence, the chlorine derivative shows a greater tendency 
to give anisotropic systems. 

It will be seen from the foregoing that the conductivity measurements stop short of the 
region of anisotropy. Sandqvist determined the conductivity of one anisotropic solution 
(0-508n) of the bromo-acid and obtained an average value of 181-0 for A. If this figure is 
correct, the conductivity must pass through a minimum. It should be pointed out, however, 
that Sandqvist records that the specific conductivity could be varied between 0-091 and 
0-096 by shaking the solution between measurements. A minimum in the conductivity 
curve is a very characteristic feature of colloidal electrolytes of the long paraffin-chain type, 
but in the range of concentrations concerned, the solutions are homogeneous, clear, and 
isotropic (see, e.g., Hartley, Kolloid-Z., 1939, 88, 22), and the conductivity depends only on 
the concentration and temperature. 

The curve for the chloro-acid diverges less rapidly from the Onsager line than does that 
of the bromo-acid, and it would seem that at the lower concentrations the formation of 
micelles is less extensive when bromine is replaced by chlorine. At about ~/c = 0-25 the 
curves commence to approach one another, and beyond about +/c = 0-4 they are practically 
coincident. This behaviour is not observed with a homologous series of paraffin-chain 
electrolytes, for in this case the more abrupt the divergence from the theoretical line, 1.¢., 
the more colloidal the compound, the lower is the minimum value of A. Moreover, the more 
marked anisotropy shown by the chloro-acid suggests that at the higher concentrations 
this acid possesses a greater tendency to form aggregates. It seems probable, therefore, 
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that two states of aggregation are to be distinguished, one predominating at the lower 
concentrations, and more marked with the bromo-acid, and the other becoming prominent 
at the higher concentrations, and shown to a greater degree by the chloro-acid. . 


The data at 25° up to about a/c = 0-07 showed fair agreement with Onsager’s theory, 
A, being taken as 379-5. With increase in temperature the curve flattens out less rapidly 
at the highest concentrations, owing probably to a decrease in the degree of aggregation, 
as with other types of colloidal electrolytes. The concentration at which the two curves 
meet is somewhat higher at 25° than at 18°, and at Ahe higher temperature the conductivity 
of the chloro-acid is slightly less than that of the bromo-acid in the most concentrated 
solutions. 

It was established by actual experiment that the low values of A obtained for the most 
dilute solutions were not due to adsorption on the electrodes or cell walls. In view of the 
experimental conditions, however, it would be premature to assume the existence of a 
maximum in this region of the conductivity curve (cf. Robinson and Moillet, Proc. Roy. 
Soc., 1934, A, 143, 630; Laing-McBain, Dye, and Johnston, loc. cit.). 

Densities.—In general, over a considerable range of concentrations the density varied 
linearly with the concentration according to equations of the type di" = 0-99862 +- ac or 
ad = 0-99707 + bc, where the constants a and b have the values given below : 


Sulphonic acid. a. b. 
Toluene (up to 6a O-GN)  ........ccccecccrcccccscccccccccoces 0-052756 0-052248 
Phenanthrene (up to Cd. O-4N)  ....c.seccesceecsecsceccece 0-082048 0-081154 
Chlorophenanthrene (isotropic range) ........ssseeseeee 0-11013 0-10837 
Bromophenanthrene (isotropic range) ........sesseseee 0-15110 0-14993 


At higher concentrations of the toluene and phenanthrene acids, the experimental values 
diverge from the linear relation and fall towards the concentration axis. Similar behaviour 
was observed by Laing-McBain, Dye, and Johnston with the lower members of the paraffin- 
chain series of sulphonic compounds. There was no indication of a break in the curves of 
the halogenated phenanthrene acids, similar to that observed by Bury and Parry (J., 1935, 
626; Bury, Chem. and Ind., 1938, 57, 1167) at the “ critical concentration for micelles ” 
in the case of potassium laurate. ' 

Influence of Chemical Constitution.—The contrast between the behaviour of the unsub- 
stituted phenanthrene acids and that of tetradecylsulphonic acid (Laing-McBain, Dye, and 
Johnston, loc. cit.), or its sodium salt (Tartar e¢ al., loc. cit.), is an illustration of the fact 
that aromatic sulphonate ions form micelles much less readily than paraffin-chain sulphonate 
ions containing the same number of carbon atoms (cf. Norris, J., 1922, 121, 2161). That 
increase in the size of the aromatic nucleus favours aggregation is shown by the difference 
between the behaviour of #-toluenesulphonic acid and of the unsubstituted phenanthrene 
acids. Similarly, Norris found that sodium anthraquinonesulphonate is more colloidal 
than sodium naphthalenesulphonate. The data for the unsubstituted phenanthrene acids 
further indicate that the position of the sulphonic group exerts an appreciable influence 
upon the tendency to form micelles. This agrees with Norris’s observation that the sodium 
salt of B-naphthalenesulphonic acid is more colloidal than the «-isomer. With regard to the 
effects of substitution, the present results confirm that the introduction of a halogen atom 
at the 9-position in phenanthrene-3-sulphonic acid increases, in striking fashion, the colloidal 
character of the compound. It would appear that there exist, between the halogenated 


sulphonate ions, specific forces of attraction, which vary in strength with the nature of the 
halogen. 


The authors express their thanks to the Earl of Moray Fund of the University of Edinburgh 
for grants for the purchase of apparatus. 
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151. The Viscosities of Aqueous Solutions of Some 
Phenanthrenesulphonic Acids. 


By Tuomas R. BoLaM and JAMEs Hope. 


The viscosities of aqueous solutions of p-toluenesulphonic, phenanthrene-3-sulphonic, 
9-bromophenanthrene-3-sulphonic, and 9-chlorophenanthrene-3-sulphonic acids have 
been measured at 18° over a considerable range of concentrations. Poiseuille’s law was 
found to hold at the pressures employed. In the case of the halogenated acids there 
is an abnormal increase in the viscosity at concentrations in the neighbourhood of 
those at which the abnormal fall in conductivity occurs. The existence of two states of 
aggregation is indicated by a reversal in the behaviour of the acids: at relatively low 
concentrations the solutions of the bromo-acid are more viscous than those of the 
chloro-acid, but at higher concentrations the opposite is the case. It is confirmed that 
the addition of hydrochloric acid produces a very large increase in the viscosity of 
solutions of the halogenated acids. The clear isotropic mixed solutions possess 
“ structural ”’ viscosity. 


SANDQVIST (Arkiv Kemi, Min. Geol., 1916—1917, 6, No. 9) determined the viscosities of 
some aqueous solutions of 9-bromophenanthrene-3-sulphonic acid, and although these 
results were only approximate, they suggested that it would be of value to supplement our 
study of the conductivities of solutions of phenanthrenesulphonic acids (preceding paper) 
by an investigation of the viscous behaviour of these systems. We have accordingly 
measured the viscosities, at 18°, of solutions of the three phenanthrenesulphonic acids 
mentioned above and also of p-toluenesulphonic acid as representing simple aromatic sul- 
phonic acids. The range of concentrations employed for the halogenated acids covers the 
isotropic region. 


EXPERIMENTAL. 


The preparation of the acids and the standardisation of the solutions are described in the 
previous paper. A viscometer of the Ostwald type was employed for the viscosity measure- 
ments; the capillary was 20 cm. long and 0-5 mm. in bore, and the timing marks were etched 
on 2-0 mm. tubing above and below the upper bulb. The pressure on the liquid in the visco- 
meter was varied by the method of Bungenburg de Jong, Kruyt, and Lens (Kolloid-Beih., 
1932, 36, 429), the viscometer being attached to a litre bottle into which water flowed from a 
second similar bottle situated at a suitable height above the first. The extra pressure applied 
in this manner was read off -a water manometer by means of a travelling telescope (reading to 
0-001 cm.). Since the manometer levels altered slightly during a viscosity determination, the 
mean of the initial and the final difference between the levels was taken as the effective extra 
pressure. During measurements the viscometer was immersed in a water thermostat main- 
tained at 18° + 0-03°. The water in the pressure apparatus was kept at room temperature 
(about 18°), which was very constant. 

Provided the change in the pressure of the liquid in the viscometer during measurement be 
sufficiently small compared with the total pressure, the following approximate equation should 
hold: (h + p,)t, = (A + p2)t,, where / is the mean hydrostatic pressure of the column of liquid 
in the viscometer, , and ~, are any two values of the extra pressure (p), and ¢, and ¢, are the 
respective values of the time of flow (#). By rearrangement, we have (pat. — p,t;)/(¢; — 4) = 
h = constant. The constancy of h was tested by measurements with water, sucrose solution 
containing 39-98 g. in 100 g. of solution, and solutions’of the halogenated phenanthrenesulphonic 
acids (0-03N and 0-3n). Over the range of » from ca. 8 to 18 (water and dilute solutions) and 
ca. 18 to 90 (more viscous solutions), the values of h differed from the mean by less than 0-3% 
(usually much less), and showed no systematic drift. 

The values of relative viscosity (yn) given in Table I were calculated from the formula y = 
13/No = th/tgho, where n, = viscosity of solution, ny» = viscosity of water, ¢ and ¢, = times of flow 
without extra pressure, and 4 and hk, = mean hydrostatic pressures of solution and water 
respectively; ¢, was taken as 196-4 secs., which is the mean of three determinations made at 
wide intervals during the work, and fh, as 23-30 cm. In the tables times are given in seconds, 
pressures in cm. of water at room temperature, and concentrations (c) in terms of volume 
normality. 
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The values of 4 for the chlorophenanthrenesulphonic acid were derived from the expression 
h = hy + 1-9 c, which was found to reproduce the experimental values of h to within 0-1%. 
The corresponding equation for the bromo-acid was h = hy + 3-1 c. For the p-toluene- and 
unsubstituted phenanthrene-sulphonic acids the viscosities may be slightly low, since they were 
calculated by assuming 4 = h,W/W., where W and W, are the respective weights of equal 


volumes of solution and water at 18°, but any error involved is without significance in the 
present connection. 


TABLE I. 
Viscosities of sulphonic acids at 18°. 
Sulphonic acid. cc (N). ”- c (nN). 2. c (nN). ”- c (N). 2. 
p-Toluene 0-01031 1-004 0-05049 1-023 0-1008 1-046 0-2528 1-120 


Phenanthrene 0-01021 1-006 0-02341 1-015 0-08433 1-056 0-3402 1-351 
0:01575 1-010 004939 «1-031 0-2357 (1-264) 0-7474 2-323 
Chloro- 001234 1-009 0-03912 1-030 0-07796 1-086 0-1472 1-309 
phenanthrene 0-03009 1-021 0-06122 1-059 0-1214 1-199 0-2439 2-723 
0-2717 4-180 
Bromo- 0-01181 1-009 0-03875 1-036 0-07591 1-094 0-1409 1-247 
phenanthrene 0-02397 1-017 0-04948 1-052 0-09028 1-120 $n a. 

: . 67 


TABLE II. 
Viscosities of aqueous solutions of halogenated phenanthrenesulphonic acids containing 
hydrochloric acid. 
p. h. t. (h + p)t/hoto. ?. h. t. (h + p)t/hoto. 
Chloro-acid, c = 0-02055n; HCl, c = 0-410n. Bromo-acid, c = 0-02003n; HCl, c = 0-415N. 
0-0 23-52 2759-0 14-180 0-0 23°55 454-9 
30-27 990-6 11-644 454-8 2-341 
30-36 998-3 11-754 454-5 (mean) 
66-67 443-9 8-749 455-0 
oaae aoe = Bromo-acid, c = 0-04948N; HCl, c = 0-410n. 
98-67 262-8 7-017 0- 23-65 2891-0 14-94 
0-0 2889-0 (mean) 
HCl, c = 0-412nN. 98:17 536-0 
0-0 23-44 199-7 7 = 1-022 98-03 535-8 14-25 
97-88 535°5 (mean) 
98°15 537-0) 
DIscussIoN. 


It will be seen from Fig. 1 that, within the experimental error, the viscosity-concentra- 
tion curves for all four acids are linear over the range of concentrations for which Onsager’s 
conductivity equation holds (cf. preceding paper). In the case of the p-toluene acid the 
linear relation persists up to 0-1N at least, and there is, at the most, only a slight amount of 
divergence between 0-1N and 0-25n. The unsubstituted phenanthrenesulphonic acid, 
however, shows appreciable divergence between 0-05n and 0-08N, and the halogenated acids 
give marked inflections at still lower concentrations. Comparison with the conductivity 
results reveals that the inflections in the viscosity curves occur at concentrations in the 
neighbourhood of those at which the respective conductivity curves markedly diverge - 
from the Onsager relation. The abnormal rise in viscosity must, therefore, be brought 
about by that change in the condition of the dissolved acid responsible for the abnormal 
fall in conductivity, i.e., by the formation of micelles. Tartar arid Wright (J. Amer. Chem. 
Soc., 1939, 61, 544) and Hess, Philippoff, and Kiessig (Kolloid-Z., 1939, 88, 40) have observed 
a marked inflection in the viscosity curve of sodium dodecyl sulphate in the region of inci- 
pient aggregation, and Hess and his co-workers also report an inflection in the case of 
sodium laurate. None of these workers has, however, attempted to explain how an 
increase in the viscosity may result from the formation of micelles in dilute solutions of 
colloidal electrolytes. 

It has been shown (see, ¢.g., Dole, “‘ Electrochemistry,” 1935, p. 100) that the viscosity 
of dilute solutions of many strong electrolytes can be represented by 1/n = 1 — AV/c+ Be, 
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where the constant A is expressible in terms of the valency and mobility of the ions. In 
an interesting attempt to account for the viscous behaviour of solutions of arsphenamine, 
Robinson and Morrell (Trans. Faraday Soc., 1934, 30, 339) point out that the rapid increase 
in the value of A with increasing ionic valency suggests that “a large fraction of the 
viscosity could be accounted for by the electrical forces arising out of the high valency of 
the ion-aggregates.” The question of the effective valency of the micelles is a difficult 
one (McBain and Searles, J. Physical Chem., 1936, 40, 493; McBain and Betz, J. Amer. 
Chem. Soc., 1935, 57, 1905; Hartley, Kolloid-Z., 1938, 88, 22), but it can at least be said 
that the work of Schmid and Larsen (Z. Elektrochem., 1938, 44, 657) on the high-frequency 
conductivity of colloidal electrolytes appears to indicate that the interionic attraction is 
increased by the formation of micelles. 


Fic. 1. 
Viscosities of solutions of sulphonic acids at 18°. 
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As will be seen from Fig. 3, the viscosity of solutions of the halogenated phenanthrene- 
sulphonic acids increases very rapidly as the concentration is increased above about 0-1N. 
However, even at the highest concentrations examined, Poiseuille’s relation was found to 
hold over the range of pressures employed. Hence, there was no indication, under the 
given conditions, of the existence of “‘ structural” viscosity in the case of these solutions. 

A very interesting feature of the results is the intersection of the curves for the halo- 
genated acids in the neighbourhood of 0-12n (Fig. 2), concentrated solutions of the chloro- 
acid being much more viscous than corresponding solutions of the bromine derivative. 
This reversal in viscous behaviour suggests that two states of aggregation occur, each 
affecting the viscosity in a specific manner. One predominates at low concentrations and 
is more marked with the bromo-acid, while the other predominates at high concentrations 
and is more characteristic of the, chloro-acid. The electrical conductivities and optical 
behaviour of the solutions are consistent with the existence of two types of micelle (see 
preceding paper). It seems possible that aggregation may take place in two stages, the 
first consisting in the aggregation, at low concentration, of sulphonate ions to form 
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Fic. 2. 
Viscosities of solutions of halogenated phenanthrenesulphonic acids at 18°. 
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Fic. 3. 
Viscosities of solutions of sulphonic acids at 18°. 
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relatively small micelles, and the second, in the aggregation, at high concentrations, of these 
micelles to form larger units. This is the view taken by Stauff (Kolloid-Z., 1939, 89, 224) 
for the case of paraffin-chain electrolytes, but McBain (J. Physical Chem., 1939, 48, 458) 
prefers to postulate the existence of two types of independent origin (see, also, Hartley, 
loc. cit.). 

It is evident from Tables I and II that the addition of hydrochloric acid to solutions of 
the halogenated phenanthrenesulphonic acids produces a very striking increase in the 
apparent viscosity, even at quite low concentrations of the sulphonic acids. This pheno- 
menon was first observed by Sandqvist (Kolloid-Z., 1916, 19, 113; Annalen, 1918, 417, 17), 
but the present data reveal the additional fact that the mixed solutions do not conform to 
Poiseuille’s law: the value of (4 +- )t/hoty is not constant, but decreases with increase in 
the rate of flow. Hence, the mixed solutions possess “ structural”’ viscosity. In agree- 
ment with Sandqvist, it was found that the effect is much more marked with the chloro- 
than with the bromo-acid. The mixed solutions were quite clear, and examination in the 
polarising microscope gave no evidence of anisotropy. 


The authors express their thanks to the Earl of Moray Fund of the University of Edinburgh, 
and to Imperial Chemical Industries Ltd., for grants for the purchase of apparatus. 
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152. Reaction Velocities at Low Temperatures. Part IV. The 
Ionisation of Nitroethane at Temperatures between — 32° and + 20°. 


By R. P. Bett and A. D. Norris. 


The kinetics of the reaction of nitroethane with sodium hydroxide in aqueous 
methyl alcohol have been studied at six temperatures between — 32° and + 20°. No 
deviations from the simple Arrhenius equation outside the experimental error have 
been observed. The rate of the reaction is smaller than that predicted by the simple 
collision theory by a factor of about 10°. 


NITRO-PARAFFINS react with hydroxyl ions at a measurable rate according to the equation 
CHR,R,"NO, + OH- = CR,R,-NO,- + H,O. This reaction has been studied in some 
detail at the ordinary temperature by a number of workers (Junell, Arkiv Kemi, Min. 
Geol., 1934, 11, B, no. 34; Svensk Kem. Tidskr., 1934, 46, 125; Wynne-Jones, J. Chem. 
Physics, 1934, 2, 381; Maron and LaMer, J. Amer. Chem. Soc., 1938, 60, 2588) both in water 
and in deuterium oxide. The present work was undertaken over a considerable range of 
low temperatures with the objeet of detecting possible deviations from the Arrhenius 
equation. A solvent containing about 20% of water and 80% of methyl alcohol was found 
to give convenient velocities. 

EXPERIMENTAL. 


Materials.—Methy] alcohol was fractionated and then redistilled in a current of air free from 
carbon dioxide. Carbon dioxide-free water was then added, and the composition determined 
by weight. Throughout these experiments the solvent contained 22-77% of water. Stock 
sodium hydroxide solutions were prepared by dissolving clean metallic sodium in the solvent, 
and their concentration obtained by titration against potassium quadroxalate. Nitroethane 
was prepared by two methods, the two products giving concordant results. (1) «-Bromopro- 
pionic acid was neutralised with sodium carbonate, treated with an equivalent amount of sodium 
nitrite in aqueous solution, and the mixture distilled; the insoluble nitroethane was separated 
from the distillate, dried over calcium chloride, and distilled. (2) Ethyl iodide was treated 
with silver nitrite at — 20° for 24 hours, and the nitroethane distilled off. In each case the 
product was fractionated, the fraction of b. p. 113—116° being used. 

Measurement of Reaction. Velocity.—The reaction was followed by the change in electrical 
conductivity. The cell had a capacity of about 20 c.c., and in the solvent used M/100-sodium 
hydroxide had a conductivity of about 4 x 10% rec. ohm. The low-temperature thermostat 
has already been described (Bell and Thomas, J., 1939, 1573; Bell and Norris, this vol., p. 118). 
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Measurements at 0° were made in ice, and at 20° in an ordinary thermostat. The sodium 
hydroxide was in the cell initially, and the nitroethane was introduced in a thin glass tube, 
sealed at the bottom, which was allowed to acquire the temperature of the solution and then 
broken against the bottom of the cell to start the reaction. 

Calculation of Velocity Constants.—All the concentrations needed for these calculations were 
obtained from the observations of conductivity. The cell was calibrated at each temperature 
against known concentrations of sodium hydroxide and the sodium salt of nitroethane. The 
initial concentration of sodium hydroxide could then be readily calculated from the initial 
conductivity. In those reactions where the initial concentration of alkali was greater 
than that of nitroethane, an excess of nitroethane was added after the conclusion of the reaction. 
If the initial conductivity is A, the conductivity at the end of the reaction B, and that 
after addition of excess of nitroethane C, then the initial concentration of nitroethane is 
[NaOH](A — B)/(A — C). Similarly, if at any stage of the reaction the observed conductivity 
is X, then the concentration of nitroethane ion formed is [NaOH](A — X)/(A — C). 

In reactions where the initial concentration of nitroethane was greater than that of alkali 
the following procedure was adopted. When the reaction was at an end, an excess of alkali 
was added, and finally an excess of nitroethane, the conductivity being measured after each 
addition. Let the values of the conductivity at the beginning and the end of the reaction be 
A and B as above, the value after adding excess of alkali D, and that when excess of nitroethane 
has been added E. Then if A, and d, are respectively the equivalent conductivities of sodium 
hydroxide and the sodium salt of nitroethane, we have : 

Final concentration of nitroethane ion = E/, = F (say); this will also be the total concen- 
tration which the alkali would have had if no reaction had occurred. . 

After addition of excess alkali, let G be the concentration of the nitroethane ion (and hence 
also the initial concentration of nitroethane). The conductivity C is thus given by C = Ga, + 
(F — G)r. 

The values of C and F are known, and also the two equivalent conductivities : hence the 
initial nitroethane concentration can be calculated. The concentrations at any stage of the 
reaction can then be determined as before. In making these calculations it was assumed that 
the equivalent conductivity of a salt in a mixed solution was the same as in a pure solution of 
the same ionic strength The volume changes caused by the additions were so small that they 
could be neglected. ‘ 

Having obtained a and }, the initial concentrations of alkali and nitroethane respectively, 
and z, the concentration of nitroethane ion formed after time ¢, we plotted log {b(a — x)/a(b — x)} 
against ¢. The plots thus obtained were effectively straight lines, though at the lower temper- 
atures the first few points fell off the line, probably owing to incomplete mixing. The slope of 
the straight line was taken as k(a — b), where & is the ordinary bimolecular velocity constant. 
These constants were converted to the usual units of moles per 1000 c.c. of solution by using 
the figures given in International Critical Tables for the densities of methyl alcohol—water mix-_ 
tures, interpolating for the composition used, and extrapolating for the lower temperatures. 

Results —The following table gives the velocity constants obtained at six temperatures, 
expressed in moles/1000 c.c. and minutes; d is the density of the solution. The errors given 
represent the average deviation from the mean of the individual velocity constants. 


Temp. = 19-96°; k = 526 + 26; d = 0-8536. Temp. = 9-90°; & = 300 + 8; d = 0°8618. 
1000 a 0-645 2-206 4-78 0-928 1-518 1-622 3°46 
1000 b 0-577 0-648 3-28 0-372 2-320 1-114 2-94 
k 564 502 510 316 289 310 302 


Temp. = 0-00°; & = 137 + 2; d = 0-8699. Temp. = —10-88°; & = 63-3 + 6; d = 0-8787. 
1000a@ 1-018 1-443 1-859 2-130 2-161 254 268 296 381 381 468 
1000b 0-759 2-698 3-542 1-436 0-965 142 3-88 184 177 236 4-96 
k 138 139 136 141 133 63-0 708 71:8 556 635 55-1 

Temp. = —20-08°; & = 27-6 4+ 4; d = 08863. 


1000 a 2-08 3-01 3°51 3-86 4-46 6-48 
1000 b 5-62 3°74 4-19 3°86 1-78 4-68 
k 31-7 22-9 24-4 27-6 26-5 22-9 
Temp. = —31-80°; & = 111+ 0-7; d = 0-8958. 
1000 a 6-54 6-77 7-14 13-26 


1000 b 4-67 6-81 3-96 9-77 
k 11-3 9-7 11-4 12-3 
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DISCUSSION. 


The mean values of k at the six temperatures are expressed within the limits of the 
rather large experimental error by the simple Arrhenius equation. By applying the method 
of least squares we obtain the expression k = 5-41 x 10! ¢-10.800R7?| The observed and 
the calculated values are given in the following table. The value of the first constant 
in the Arrhenius equation is less than that predicted by the simple collision theory by a 
factor of about 10°. 


9-90° 0-00° —10-88° —20-08° —31-8° 
300 137 63-3 27-6 11-1 
283 142 62-4 28°5 10-5 


The data obtained thus resemble those previously given in showing no indication of the 
“tunnel effect ’’ which might have been anticipated at low temperatures in reactions which 
involve a proton transfer (Bell, Trans. Faraday Soc., 1938, 34, 229). It should be possible 
to obtain more accurate data for this reaction, and it is hoped to doso inthe future. There 
can be no doubt that the rate-determining step in this case really is a proton transfer, 
and the reaction should thus provide a crucial test of the “‘ tunnel effect” if it can be 
studied at a low enough temperature and with sufficient accuracy. This effect might fail 
to appear if a large proportion of the activation energy were used in overcoming forces of 
repulsion, but recent theoretical calculations (Bell, 1bid., 1941, 37, 493) indicate that repul- 
sion energy is probably of minor importance in this type of reaction. 


Our thanks are due to the Department of Scientific and Industrial Research for financial 
assistance. 
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153. The Polysaccharide associated with B-Amylase. 


By L. H. Forp and S. Peart. 


The water-soluble polysaccharide associated with $-amylase in ungerminated 
wheat flour has been isolated and methylated. The polysaccharide is constituted of 
units of l-arabinose, d-xylose, and d-galactose. It contains no acidic residues. 

Hydrolysis of the methylated polysaccharide yields trimethyl /-arabofuranose (6 
mols.), 2 : 3-dimethyl xylose (6 mols.), 2-methyl xylose (1 mol.), xylose (1 mol.), and 
2 : 4-dimethyl galactose (1 mol.). 

The probable structure of the polysaccharide is discussed. 

The free polysaccharide has no amylolytic activity. 


In an investigation which will be published later on the constitution of a pure amylolytic 
enzyme, evidence accumulated that a polysaccharide was always associated with protein 
in the aqueous-alcoholic extracts of ungerminated cereals. These extracts have amylolytic 
activity of the @-type (Kuhn’s nomenclature, Annalen, 1925, 433, 1) and it became 
desirable to determine the nature of this cold-water-soluble polysaccharide and its 
functional relationship, if any, to the enzyme system. 

Wroblewski (Ber., 1897, 30, 2289; 1898, 31, 1130) demonstrated the presence in an 
aqueous-alcoholic extract of malt of a polysaccharide which was described as an araban 
for the reason that /-arabinosazone was prepared from it. The polysaccharide had, #er se, 
no amylolytic activity. Most workers in this field, notably Sherman and his co-workers 
(cf. J. Biol. Chem., 1934, 104, 501), incline to the view that amylase is purely protein in 
character, although Pribram (Biochem. Z., 1912, 44, 293) regarded diastase as a poly- 
saccharide acid in combination with a simple polypeptide and Itoh (J. Biochem. Japan, 
1936, 23, 125) concluded from spectroscopic observations that pancreatic amylase is 
carbohydrate rather than protein in nature. A similar view has been expressed by 
Akabori and Kasimoto (Bull. Chem. Soc. Japan, 1938, 13, 291) in regard to taka-diastase. 
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We have obtained from the flour of ungerminated wheat, by extraction with cold 
aqueous alcohol, a @-amylase preparation which is free from «-amylase. The optimum 
concentration of alcohol for a large-scale preparation of the crude $-amylase is 20%. 
The extract contains carbohydrate and protein and its amylolytic activity is destroyed 
by heat, by dialysis, and by prolonged contact with alcohol. Evidence was obtained 
that the purest enzyme preparation probably contained no carbohydrate. The carbo- 
hydrate consists of dialysable free sugars and non-dialysable polysaccharide. It is with 
the latter that this paper is concerned. 

Crude $-amylase, extracted as described, was freed from reducing sugars most advan- 
tageously by a process of controlled precipitation from aqueous solution with alcohol. 
The non-reducing product had [«]}” —56° in water and gave tests for carbohydrate and 
protein. The polysaccharide was freed from protein by two procedures, by acetylation 
and by methylation. In the first case, it was possible to separate the polysaccharide 
acetate completely from the acetylated protein by extraction of the former with acetone. 
The nitrogen-free polysaccharide acetate showed [a]}* — 57-7° in chloroform and an 
acetyl content corresponding to a diacetyl pentosan. Its de-acetylation by means of 
potassium hydroxide yielded the free polysaccharide. The latter was a white powder, 
easily soluble in cold water, in which it showed [«]¥” — 78-5°. It gave no colour with 
iodine and was not a starch or starch dextrin, it contained no acid groups and gave colour 
reactions indicating a pentosan structure. This protein-free polysaccharide showed no 
. amylolytic activity. 

The second method of purification, that of methylation, was not, of course, suitable 
for the preparation of the free pédlysaccharide. It was, however, utilised in the deter- 
mination of the structure of the polysaccharide inasmuch as the treatment of the non- 
reducing amylase preparation with methyl sulphate and sodium hydroxide solution 
destroyed the protein constituent and gave the methylated polysaccharide in excellent 
yield. 

The fully methylated polysaccharide was a pale yellow glass which gave neyative 
tests for protein, nitrogen, and uronic acid. It was insoluble in water and showed [«]}” 
— 107-5° in chloroform. 

Rapid methanolysis of the methylated polysaccharide occurred when it was boiled 
with methyl-alcoholic hydrogen chloride and in the mixture of methyl glycosides so 
produced there were identified as principal constituents, trimethyl methyl-/-arabofuran- 
oside and 2 : 3-dimethyl methyl-d-xylopyranoside. 

The occurrence together of /-arabinose and d-xylose indicates either that the original 
polysaccharide is a mixture of an araban and a xylan or that it is homogeneous and 
contains units of d-xylose and /-arabinose as integral parts of its structure. If the first 
of these alternatives ‘were true, it is to be expected that trimethyl xylose and dimethyl 
arabinose would form part of the hydrolysate. A careful search of the trimethyl pentose 
fraction based on the relative rates of hydrolysis of trimethyl methylarabinofuranoside 
and trimethyl methylxylopyranoside failed to reveal any of the latter compound. 
Similarly, the dimethyl pentose fraction appeared to consist exclusively of 2 : 3-dimethyl 
xylose. 

When the methylated polysaccharide was prepared in larger quantity, it was possible 
to separate it into fractions by precipitation from chloroform solution with light petroleum. 
The fractions showed considerable variations in rotation ([«], — 75° to — 128°) and in 
viscosity in chloroform solution. Nevertheless the fractions showed the same rapid rate 
of methanolysis, and hydrolysis with aqueous acid of the methyl glycosides so produced 
yielded a mixture of methylated sugars which had the same reducing power in each case. 
Furthermore, distillation of the mixture of glycosides, prepared by the action of acid 
methyl alcohol, gave fractions with almost identical physical constants, irrespective of 
the methylated polysaccharide fraction from which they were obtained. It would seem, 
therefore, that the variations in rotation and viscosity referred to are due to differences 
of degree of aggregation of a repeating unit rather than to the chemical heterogeneity of 
the polysaccharide. 


The mixture of methyl glycosides produced by the action of acid methyl alcohol on 
3L 
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each of the methylated polysaccharide fractions was fractionally distilled in a high vacuum. 
The first distillation fractions consisted essentially of trimethyl methyl-l-arabofuranoside, 
the middle fractions of 2 : 3-dimethyl methyl-d-xyloside. In the higher-boiling fractions 
were identified 2-methyl methylxyloside, methylxyloside and 2:4-dimethyl methyl- 
galactoside. It was possible to make an approximate evaluation of the relative molecular 
proportions of these constituents and it is concluded that the basal or repeating unit of 
the methylated polysaccharide is constituted of six trimethyl /-arabofuranose residues, 
six 2 : 3-dimethyl d-xylose residues, one d-xylose residue, one 2-methyl d-xylose residue, 
and one 2 : 4-dimethyl d-galactose residue. 

One of these constituents, namely, the 2 : 4-dimethyl galactose, can only exist in the 
polysaccharide in the pyranose form, and the terminal arabinose units in the furanose 
form. There is not evidence at present available to indicate whether the xylose con- 
stituents exist in the pyranose or furanose forms, nor is it possible to decide the order and 
sequence of the linkage of the sugars constituting the repeating unit. 

Certain general structural features may, however, be made out. The architectural 
plan on which the polysaccharide is built is much more complex than that of the linear 
polymers such as starch, cellulose or the xylan of esparto grass, and this complexity is 
expressed not only in the number of sugars (arabinose, xylose, and galactose) which go to 
form the repeating unit, but also in the different types which are displayed of mutual 
linkage of these sugars. In this respect, the polysaccharide bears some resemblance to 
the vegetable gums, although, unlike the latter, it contains no acid constituents. 

It is clear that the /-arabinose constitutes terminal. units exclusively and, inasmuch as 
the molecular proportions of trimethyl arabinose and dimethyl xylose are equal, it may 
be that six side chains of the disaccharide (I) radiate from a central nucleus or chain 
composed of three xylose units and one galactose unit. One of many ways in which this 
could occur is shown diagrammatically in (II). 


H Arabinose—*2— X ylose—— 
on ee (Ia.) 
ee | 


(Ia) is a diagrammatic representation of (I), the numerals indicating the positions of 
the mutual linking of sugar units. The same device is used also in (II). © 
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EXPERIMENTAL. 


The Unit of Amylolytic Activity—A known weight of the amylase preparation was allowed 
to act for 30 minutes at 35° on a soluble starch solution (0-6%) buffered to py 4:8. The 
enzyme was then destroyed by alkali and the reducing power of the resulting solution was 
estimated volumetrically: by the method of Shaffer and Hartmann (J. Biol. Chem., 1921, 45, 
365). The amylolytic activity of the enzyme is expressed as the number of mg. of maltose 
liberated from starch, under the standard conditions described, by 1 mg. of enzyme preparation. 

Extraction of 8-Amylase.—In-a preliminary experiment to determine the optimal conditions 
of extraction, four batches (each 50g.) of finely ground, ungerminated wheat were extracted 
by shaking for 12 hours at room temperature with (a) water, (b) 20% alcohol, (c) 50% alcohol, 
and (d) 70% alcohol. In each case the wheat residue was removed in a centrifuge and the 
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enzyme was precipitated by raising the concentration of alcohol to 80%. The precipitates 
were separated and dried in a vacuum and the amylolytic activity of each was determined 
with the following results : 


Aqueous-alcohol extractant. Weight of Amylolytic 
Conc. of alcohol (%). amylase (g.). activity (units). 
0 0-7 22 
20 0-6 30 
50 0-5 19-5 
70 0-45 2 


It is obvious that the most active preparation is that obtained with 20% alcohol—water 
and this extractant was used for the preparation of B-amylase in quantity. By the extraction 
of 1000 g. of wheat flour with 2-5 1. of 20% alcohol there were obtained 13-5 g. of a preparation 
with an activity of 30 units. The crude B-amylase so prepared was free from «-amylase (as 
shown by the Wijsmann test). It contained reducing sugars and gave strong colour reactions 
for protein. It gave no colour with iodine, indicating the absence of starch and the higher 
starch dextrins. It contained nitrogen, phosphorus and sulphur but no halogen. Part of the 
phosphorus was present as inorganic phosphate (Bell—Doisy test). The preparation was not 
completely soluble in water. The insoluble residue gave only faint carbohydrate reactions 
and would appear to consist of protein denatured during the precipitation with alcohol. 

The crude B-amylase was freed from reducing sugars in the following way. The amylase 
(40 g.) was shaken with water (800 c.c.), and the insoluble portion removed. Alcohol (4 1.) 
was added to the filtrate with vigorous stirring. The precipitate was separated in a centrifuge, 
washed with alcohol and ether, and dried.in a vacuum. Yield, 24g. This product was non- 
reducing to Fehling’s solution, with which it formed a soluble violet complex. It gave protein 
reactions but no colour with iodine. The naphtharesorcinol test for uronic acid was negative, 
although on boiling the amylase with hydrochloric acid furfural was produced and aniline 
acetate paper was stained red, an indication of the presence of pentosans. This non-reducing 
8-amylase preparation, which showed [«]}” — 56-1° in water (c, 0:7), was used in the subsequent 
experiments. 

Acetylation of B-Amylase.—The non-reducing amylase (5 g.), prepared as described, was 
dissolved in the minimum amount of water (7 c.c.) and to this solution were added pyridine 
(100 c.c.) and acetic anhydride (150 c.c.). The solution was refluxed at 80° for 2 hours, cooled, 
and decanted from a small amount of undissolved material into ice-water (2 1.). After being 
kept overnight, the precipitate was separated in a centrifuge and was washed with water until 
it was no longer acid to Congo-red. Thereafter the product was washed with cold alcohol 
and ether and was dried in a vacuum at 60°. Yield, 3-2 g. The alcoholic washings gave a 
solid (1-8 g.) on evaporation. This material contained nitrogen and only a small proportion 
of carbohydrate; it was not further examined. The alcohol-insoluble product also contained 
nitrogen. It was extracted with warm acetone until the last extract gave only a faint Molisch 
reaction. The combined extract was concentrated to about 50 c.c., and light petroleum 
added until a small permanent precipitate was formed. This was removed in a centrifuge 
and the clear mother-liquor was poured slowly and with stirring into light petroleum (400 c.c.). 
The precipitate was collected on a filter and dried in a vacuum at 50°. It was non-reducing, 
contained no nitrogen, and showed [a]}** — 57-7° in chloroform (c, 0:9) (Found: CH,-CO, 
40-2. Diacetyl pentosan requires CH,°CO, 39-8%). 

Deacetylation. The acetate (1-2 g.) was dissolved in acetone, and 10% aqueous potassium 
hydroxide (12 c.c.) added. Two layers persisted and after 2 hours the upper (acetone) layer 
was removed, and the aqueous layer, diluted with water, was stirred into alcohol. The pre- 
cipitate was separated and dissolved in water; the solution, made faintly acid with acetic acid, 
was precipitated by the addition of alcohol. The product was reprecipitated in the same 
way and was finally washed with alcohol and ether and dried in a vacuum at 50°. Yield, 
0-54g. The polysaccharide was non-reducing, contained no nitrogen, and showed [«]?”" — 78-5° 
in water (c, 1-0); its equivalent by titration was 9325, indicating a negligible proportion of 
acid groups. It showed no amylolytic activity. 

The Methylation of B-Amylase.—Three batches of methylated polysaccharide were separately 
prepared and examined, but, as the examinations were mainly repetitive, it will be necessary 
to record in full the investigation of only two of these batches, namely, II and III. Examin- 
ation of batch I (2-5 g.) revealed that the methylated polysaccharide was easily hydrolysable 
by the agency of acid methyl alcohol and among the products of hydrolysis were trimethyl 
arabinose, dimethyl xylose, and probably a dimethyl hexose. 
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Methylated polysaccharide, batch II. Preparation. Non-reducing. B-amylase (20 g.) was 
suspended in water and at 40°, methyl sulphate (200 c.c.) and 30% sodium hydroxide solution 
were added in ,4, portions at 20-minute intervals. After being stirred for several hours, the 
mixture was heated on a boiling water-bath for 4 hour and, after being cooled, was brought 
to a faint alkalinity with sulphuric acid. It was then raised to the b. p. and filtered while hot 
through cloth. Complete methylation was achieved after five treatments, in the last two of 
which acetone was added as a solvent. As the methylated polysaccharide was somewhat 
soluble in cold water, it could not be purified by washing. It was freed from inorganic matter 
by being shaken together with a large quantity of anhydrous magnesium sulphate in chloro- 
form. After several hours the methylated compound had dissolved and the solution was 
filtered and evaporated. The product was a pale yellow glass soluble in chloroform, moist 
acetone and methyl iodide but insoluble in hot water, methyl alcohol, ether or petroleum. It 
was free from nitrogen and protein. This product was methylated further by treatment with 
methyl iodide and dry silver oxide; the methylated product so obtained showed OMe, 39-0 
and ash, 0-3% (Calc. for dimethyl pentosan : OMe, 39-8%). Yield, 13-3 g. 

The methylated polysaccharide so prepared (25 g.) was separated into fractions by the 
graduated addition of light petroleum to its solution in chloroform. The fractions had the 
following properties : 


Fraction. Weight, g. OMe, %. Ash, %. [a]}#° in CHCI,. 

39-0 0-6 — 

38-4 , — 

39°3 . — 85-9° 

Methanolysis. Fractions B and C were combined (21-5 g.) and refluxed with 4% methyl- 

alcoholic hydrogen chloride (400 c.c.) for 10 hours. The solution was then neutralised with 
silver carbonate and filtered, and the methyl alcohol distilled from the filtrate at atmospheric 
pressure (a trimethyl methylpentoside is volatile in methyl alcohol at low pressures). The 
non-reducing syrup so obtained was submitted to fractional distillation from a Widmer flask 
at 20 mm. pressure for the first fractions and subsequently in a high vacuum : 


TABLE I. 


Fraction. Bath temp. Pressure,mm. Weight,g. OMe, %. [a]p in water. oe 
50- - 


135° 0-08 

135 0-20 
135—140 5-36 
140—145 0-94 
103—110 : 1-05 
108—120 D 6-18 
123—135 . 1-80 
135—147 . 1-61 
142—147 . 1-52 
155—200 ° 2-05 
Residue 0-89 


1-4310 
1-4322 
1-4328 
1-4338 
1-4393 
1-4510 
1-4565: 
1-4620 
1-4750° 
1-4817 
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Inasmuch as a tri-, di-, and mono-methyl methylpentoside have 60-2, 48-4, and 34-89% OMe 
respectively, it would appear from the methoxyl contents that fractions 3, 4, and 5 consist 
entirely of trimethyl methylpentoside and that the chief constituent of fractions 6 and 7 is a 
dimethyl methylpentoside: The low refractive indices and methoxyl contents of fractions 1 
and 2 suggest the presence therein of methyl levulate and this in fact was confirmed by the 
treatment of the combined fractions 1 and 2 (0-20 g.) with n/10-barium hydroxide (30 c.c.) at 
80° for 2 hours. After neutralisation with carbon dioxide and filtration, the filtrate was 
exhaustively extracted with chloroform. The extract (0-135 g.), distilled (water-pump), 
yielded a syrup which had constants almost identical with those of fraction 3, namely, [«]}” 
— 82-2° in water, 12°" 1-4350, and OMe 58-2%. 

Examination of the trimethyl methylpentoside fractions 3, 4, and 5. The possible existence of 
trimethyl xylose as an end group in addition to trimethyl arabofuranose has been discussed in 
the introduction. The trimethyl methylpentoside fractions were therefore examined with this 
possibility in mind. 

Fraction 3 (1-01 g.) was dissolved in n/25-hydrobromic acid (50 c.c.) and heated on the 
boiling water-bath. It is to be expected that only methylfuranosides will be hydrolysed by 
acid of this strength and that any methylpyranosides present will remain unchanged. The 
hydrolysis was followed polarimetrically: [a], calc. on initial weight, — 82-6° (initial value), 
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— 77-5° (30 mins.), — 56-2° (205 mins.), — 44-8° (380 mins.), — 36-8° (565 mins.), — 34-7° 
(685 mins.), — 33-7° (705 mins). The solution was neutralised with silver carbonate, and the 
product (0-83 g.) extracted with ether. It showed [a]}® — 35-4° in water (c, 0-8). 

The syrupy product was now heated on a boiling water-bath with Nn-sulphuric acid for 5 
hours. No change in rotation occurred during this time, from which it is concluded that no 
methylpyranoside was present. Isolation of the product from the acid solution gave a syrup 
(0-64 g.) which had [«]}*" — 34-4° in water (c, 1-1) and OMe 47-3% (Calc. for trimethyl pentose : 
OMe, 48-4%). 

The syrup, dissolved in water, was kept in contact,with bromine (1-5 c.c.) for 1 hour at 50° 
and for 3 days at'room temperature. The solution was then non-reducing and excess of 
bromine was removed by aeration. The solution was neutralised with silver carbonate and, 
after filtration, the silver salt of trimethyl pentonic acid was decomposed with hydrogen 
sulphide. The solution was evaporated to dryness, and the lactone extracted with ether. 
The syrup (0-42 g.) so obtained, after distillation at bath temperature 110—140°/0-03 mm., 
crystallised completely when nucleated with 2:3: 5-trimethyl /-arabonolactone. This was 
identical with a similar preparation from fraction 4, which was a low-melting solid showing 
[«]3*° — 19-1° in methyl alcohol (c, 1-8) and n}®* 1-4440. 

The constitution of the lactone was confirmed by conversion into the corresponding amide. 
The lactone was dissolved in dry methyl alcohol, and the solution saturated with ammonia 
at 0°. After 2 days, the solution was evaporated, and the amide crystallised. It was recrys- 
tallised from ethyl acetate-light petroleum and then showed m. p. 136—137°. In admixture 
with authentic 2: 3: 5-trimethyl /-arabonamide no depression of m. p. occurred. The amide 
had [a]}* 22-7° in ethyl alcohol (c, 2-0) (Found: C, 46-4; H, 7-6; N, 6-7; OMe, 44-1. Calc. 
for C,H,,0,N : C, 46-4; H, 8-2; N, 6-8; OMe, 44-9%).. 

It is clear that fraction 3 consists entirely of trimethyl methylarabofuranoside. By a 
similar procedure it was shown that fractions 4 and 5 were free from trimethyl methylxyloside 
and consisted solely of the fully methylated arabofuranose. 

Examination of fraction 6 (Table I). ‘The refractive index and methoxy] content of fraction 6 
suggest that it is a mixture of tri- and di-methyl methylpentosides. It was fractionally distilled 
at 0-03 mm. from a Widmer flask : 


Frac- Bath Weight, OMe, [a]p in Frac- Bath Weight, OMe, [a]p in 


tion. temp. g. % water. tion. temp. g %. water. 
6a 108—110° 1-12 51-0 +27-7° 6d 110—150° 0-35 48-8 +73-4° 
6b 110—120 2-87 49-1 +43-0 6e 150—220 0-14 44:5 +38-0 
6c 120—150 0-82 48-5 +73°8 6f Residue 0-39 _ — 


Fractions 6c and 6d are identical and have the constants of dimethyl methylpentoside (OMe, 
48-4%). They were combined (1-15 g.) and heated on a boiling water-bath with n/15-hydro- 
bromic acid (100 c.c.): [a]p + 83-5° (initial value), + 82-0° (70 mins.), + 78-3° (180 mins.), 
+ 71-5° (425 mins.), + 66-2° (530 mins.), + 57-5° (770 mins.), + 50-5° (1140 mins.), + 47-0° 
(1240 mins:). 

The figures show that hydrolysis proceeds very slowly with this strength of acid and is 
not complete after 21 hours, an indication of the pyranoside structure of the dimethyl methyl- 
pentoside. The acid strength was now increased to n, and the heating continued. The final 
constant value of [a], + 33-1° was attained after 34 hours. The product, worked up in the 
usual way, was a syrup showing }** 1-4668 and [a]}* + 30-9° in water (c, 0-9) (Found: OMe, 
35-4. Calc. for dimethyl pentose : OMe, 34-8%). 

Oxidation of the dimethyl pentose (0-75 g.) with bromine water yielded a syrup (0-44 g.), 
which, after distillation, had OMe, 37-0% (Calc. for dimethyl pentonolactone: OMe, 35-4%). 
The following changes were observed when the lactone was dissolved in water: [a]p + 95-9° 
(initial value), + 90-5° (13 hrs.), + 88-7° (28 hrs.), + 86-9° (35 hrs.), + 77-9° (123 hrs.), + 70-6° 
(266 hrs.), + 67-1° (388 ‘hrs.). 

These figures are almost identical with those recorded by Hampton, Haworth, and Hirst 
(loc. cit.) for the hydration of 2 : 3-dimethyl y-xylonolactone in water. 

The constitution was confirmed by the conversion of the lactone into the corresponding 
crystalline amide, [aJ]j® + 49-1° in water (c, 0-4), m. p. 134°, not depressed by authentic 
2 : 3-dimethyl xylonamide. ’ 

The dimethyl pentose (0-10 g.) was converted into the anilide by boiling with an alcoholic 
solution of aniline. The anilide showed m. p. 129° and [a]>” + 194° in ethyl acetate (c, 0-5). 
Authentic 2 : 3-dimethyl xylose anilide was prepared and showed m. p. 133° and [a]}® + 197° 
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in ethyl acetate (c, 1-2). When mixed, these anilides had m. p. 130—131° (Hampton, Haworth, 
and Hirst record 146° as the m. p. of the anilide). It is concluded that fractions 6c and 6d 
consist essentially of 2 : 3-dimethyl methylxyloside. 

Examination of fractions 8,9, 10 and 11 (Table I). The higher fractions might conceivably 
contain partially hydrolysed material. Fractions 8, 9, 10 and the undistilled residue were 
therefore combined (5-72 g.) and submitted to the further action of boiling 4% methyl-alcoholic 
hydrogen chloride for 14 hours. the product (5-55 g.), isolated as previously described, was 
fractionally distilled at 0-01 mm. 


Frac- Bath Weight, OMe, [a]p in Frac- Bath Weight, OMe, [a]p in 

tion. temp. g. %. water. tion. temp. g. %. water. 
8a 125—128° 0-41 38-3 -——- 8e 148—160° 1-07 34-4 +102° 
8b 127—132. 1-40 33-8 + 65-6° 8f 160—200 0-46 30-9 + 85-3 
8c 132—145 0-47 34:0 + 89-0 8g Residue 0-49 —_— — 
8d 145—148 1-02 32-9 +109 


The methoxyl contents of fractions 8b—8¢e correspond to that of a monomethyl methyl- 
pentoside (34-8%). 

Fraction 8c (0-42 g.) was heated on a boiling water-bath with n /25-hydrobromic acid. As 
no hydrolysis occurred (indicating the absence of a furanoside), the acid strength was increased 
to N by the addition of sulphuric acid. Hydrolysis was complete in 5 hours ([a]p) + 98-0° —>» 
+ 69-2°) and the product isolated was a syrup (0-318 g.) containing OMe, 27-9% (calc. for 
monomethyl pentose: OMe, 18-9; for dimethyl hexose, OMe, 29-8%). The sugar partly 
crystallised after some days and the crystals were separated from syrup (S) by treatment with 
light petroleum—ether-—alcohol. Recrystallised from ethyl acetate, the crystalline portion 
melted at 129—131°, not depressed by authentic 2-methyl xylose. 

The syrup S (60 mg.) was converted into the corrresponding glycoside by being boiled 
with 2% methyl-alcoholic hydrogen chloride. The glycoside was then methylated by treat- 
ment with methyl iodide and silver oxide. The product had OMe, 61-0% and therefore 
probably contained tetramethyl methylhexoside (OMe, 62-0%) in addition to trimethyl methyl- 
xyloside (OMe, 60-2%). 

Fraction 8d had an equivalent of 6000, indicating the absence of a significant amount 
of acid residues. After several months, partial crystallisation occurred. The crystalline 
portion, separated by treatment with ether—alcohol, was recrystallised from acetone—ether— 
light petroleum and then showed [«]?®° + 2-0° in water (c, 1-0) (Found: OMe, 40-6. Calc. for 
dimethyl methylhexoside : OMe, 41-9%), m. p. 168°, not depressed by authentic 2 : 4-dimethy] 
8-methylgalactoside. 

On the basis of the equilibrium value of [«], for fraction 8d after hydrolysis (+ 54-5°) it 
was calculated that this hydrolysed fraction contained 58% of 2: 4-dimethyl galactose ([«]p 
86°) and 42% of 2-methyl xylose. 

Methylated polysaccharide, batch III. $-Amylase (activity 30 units) was methylated by 
essentially the same procedure as that used for batch II. From 180 g. of B-amylase there 
were obtained 108 g. of methylated polysaccharide (OMe, 38-5%). The final treatment with 
methyl iodide and silver oxide was omitted because the absence of acid residues in the 
polysaccharide had been clearly demonstrated. 

Batch III was separated into fractions by the graduated addition of light petroleum to its 
solution in chloroform. The fractions had the following properties : 


OMe, %, corr. [a]p in Nep.| 
Fraction. a g. Ash, uo: for ash. CHC]. CH 
39-1 . — 86° 
39-0 —103 
38-1 —128 
38-6 —111 
40-0 — 75 


Uronic acid content. Estimation of the carbon dioxide formed when the methylated poly- 
saccharide was boiled with 12% hydrochloric acid confirmed the absence of uronic acid residues. 
Fractions B, C, D and E gave respectively 0-37, 0-52, 0-11 and 0-56% of carbon dioxide (cf. 
Campbell, Hirst, and Young, Nature, 1938, 142, 912). 

Comparative hydrolysis of fractions C and D.« Despite the great twee! in specific viscosity 
shown by C and D there is reason to believe that chemically those two fractions are identical. 
The mixture of sugars obtained when C was hydrolysed initially with 4% methyl-alcoholic 
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hydrogen chloride and subsequently with sulphuric acid showed [a], + 6-1° (equilibrium 
value) and copper number (by the Shaffer-Hartmann method), 24-3. Fraction D, similarly 
treated, yielded a mixture of sugars having [«]) + 12-3° and copper number, 24-5. 

Methanolysis of the methylated polysaccharide (fractions C and D). Fractions C (24-21 g.) 
and D (12-66 g.) were separately boiled with 4% methyl-alcoholic hydrogen chloride and the 
products fractionally distilled: . 


TABLE II. TABLE III. 
Glycosides from fraction C. Glycosides from fraction D. 


Bath Pressure, Weight, Bath Pressure, — 

temp. ‘ g. ap’. ion. temp. mm. nb. 

155° 0- “29 1-4340 148° —  O 1-4340 
156—165 1-4350 150—160 ° 1-4350 
94—96 . “ 1-4375 160—165 ° 1-4395 
97—101 . 7 1-4495 95—98 . : 1-4485 
103—124 . , 1-4545 105—125 . . 1-4535 
125—134 . , 1-4560 130—150 . ° 1-4590 
135—150 . : 1-4650 


The fractions from C and D are nearly identical. For that reason the undistilled residues 
in the above fractionations (Tables II and III) were combined and the distillation continued. 


TABLE IV. 


Glycosides from fractions C and D. 


Fraction. Bath temp. Pressure,mm. Weight, g. nw, OMe, %. _—[a]}}" in water. 
0-02 0-93 1-4706 37:8 _ 
0-02 1-40 1-4772 36°) +103° 
161—175 0-02 2-11 1-4830 31-3 —_ 
The undistilled residue was submitted to the further action of boiling 4% methyl-alcoholic 
hydrogen chloride (150 c.c.) for 8 hours. The product was distilled at 0-02 mm. : 


Bath temp. Weight, g. a. OMe, %. 
0-94 1-4420 to 1-4720 — 
1-39 1-4850 33-7 
0-74 — ae 


Examination of fraction CD9 (Table IV). Hydrolysis of fraction CD9 (0-81 g.) with 
n-sulphuric acid yielded a syrup (0-58 g.) which showed [a]}” + 55-4°, equilibrium value in 
water (c, 1-1). If the fraction was a mixture of 2: 4-dimethyl galactose ([«], + 86°) and 
2-methyl xylose ([«], -+ 34°), it could be calculated that the dimethyl galactose represented 
40% of the mixture. 

Methylation of fraction CD9 (0-475 g.) with methyl iodide and silver oxide yielded a syrup, 
which was fractionally distilled, giving fraction 1 (0-40 g.), b. p. (bath temp.) 125—135°/20 mm., 
ni®, 1-4423, [a]}* in water + 86-3°, and fraction 2 (0-02 g.), b. p. 110—170°/0-03 mm., nj* 1-4485. 
From the refractive index of fraction 1 it is calculated to contain (roughly) 36% of tetramethyl 
methylgalactoside and 64% of trimethyl methylxyloside. After hydrolysis, fraction 1 yielded 
crystalline trimethyl xylopyranose (m. p. 88—89°) and crystalline tetramethyl galactopyranose 
anilide (m. p. 190°). Fraction 2 was composed entirely of tetramethyl methylgalactoside, ie 
it was possible to convert it quantitatively into tetramethyl galactose anilide. 

Examination of fraction CD10. Hydrolysis of fraction CD10 (0-735 g.) was carried out with 
hot n-sulphuric acid (500 c.c.). The solution was then neutralised with barium carbonate, 
filtered, and evaporated to dryness. The residue was extracted first with boiling chloroform 
and then with boiling ethyl alcohol. The chloroform extract gave a syrup (0-235 g.) which 
showed [«]}** + 61-2° in water (c, 0-7). The alcoholic extract also yielded a syrup (0-42 g.), 
which partly crystallised on trituration with cold alcohol. The crystalline portion was 
«-d-xylose, which, after recrystallisation from ethyl acetate, had m. p. and mixed m. p. 138— 
140° and [a], + 64-3° (5 mins.) —-> + 19-8° loqedibeiam value in water). The syrup (0-33 g.) 
remaining after the separation of the crystals had [a]? + 35-3° in water (c, 0-7). 

The methylation of fraction CD10 with methyl iodide ond silver oxide yielded a syrup, 
which was distilled, giving fraction a (0-375 g.), nl¥" 1-4425, [«]}® in water + 87-0°, and fraction b 
(0-084 g.), m}7" 1-4500. 
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Hydrolysis of fraction a with n-sulphuric acid gave a syrup (0-28 g.) which showed [«]}®* 
+ 55-3° in water (c, 1-4) and from which were obtained trimethyl xylose (m. p. 89°) and 
tetramethyl galactose anilide. Fraction b consisted entirely of tetramethyl methylgalactoside. 

It was possible to make an approximate estimation of the relative proportions of the 
constituents of the glycoside mixture from the methylated polysaccharide. 

The relative proportions of trimethyl arabinose and dimethyl xylose were calculated from 
the data in Table I, as follows : 


Fraction. . x ; ‘ 6. ¥ 8. 9. 10. 
Trimethyl methylarabinoside, g. , ° , 1-0 1-5 — —_ — — 
Dimethyl methylxyloside, g. — —_— — 4:7 1-8 is 06 01 


The total weights are thus 9-0 g. of trimethyl methylarabinoside and 8-4 g. of dimethyl 
methylxyloside. These weights correspond to a molecular ratio of 1: 1. 

In the same way, from the data in Tables II, III, and IV the following calculations were 
made : 


Fraction. C4. C5. C6. C7. D4. D5. . CDs. CD9. CD10. CD12. 
Dimethyl methylxyloside,g. 02 56 09 O7 O4 30 , 0-1 —_ —_ —_ 
Monomethyl methylxylo- ; 

side, g. -— —_ — O4 — —_ ° 05 08 — _ 

Dimethyl 
side, g. —- od os —— — — 03 O86 10 09 
_- —_ — — —_ —_ _— —: 1-1 805 


The total weights are thus dimethyl methykxyloside 11-6 g., monomethyl methylxyloside 
1-8 g., dimethyl methylgalactoside 2-8 _ methyl xyloside 1-6 g., corresponding approximately 
to the molecular proportions 6: 1:1: 

It is thus seen that the ety proportions are (very approximately) trimethyl arabo- 
furanose 6 mols., 2: 3-dimethyl xylose 6 mols., 2-methyl xylose 1 mol., dimethyl galactose 
1 mol., and xylose 1 mol. 


The authors are indebted to Professor W. N. Haworth, F.R.S., for his interest. 


A. E. Hitts LABoratoriges, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM. [Received, October 24th, 1941.] 





154. The Magnitude of the Solvent Effect in Dipole-moment Measure- 
ments. Part IV. Determination of Distortion Polarisation and its 
Additivity in the Alkyl and Aryl Halides. 


By ARNOLD AUDSLEY and FRANK R. Goss. 


By combining dielectric-polarisation data for ethyl bromide in the liquid and the 
vapour state, it was shown in Part II (J., 1940, 752) that some of the uncertainty con- 
cerning the magnitude of the atom polarisation (P,) could be eliminated. In this paper 
methods for deciding the distribution of the polarisation of binary liquid mixtures be- 
tween their components are discussed, and the necessary data are presented to extend 
the above elimination method for the determination of the distortion polarisation 
(Px,4) to compounds of all four halogens. It is also found that the polarisation of non- 
polar hydrocarbons, and the values of Pg,, obtained by this elimination can, for cer- 
tain halogen compounds, be expressed as the sum of contributory values assigned to each 
atomorbond. Values of Pg,, for carbon, hydrogen, and all four halogens in compounds 
of the type RX are calculated, and it is shown that, whereas the electron polarisation 
(Pg) increases, P, appears to exhibit a.general tendency to decrease in ascending the 
series from fluorine to iodine. 


Sources of Error in Dipole-moment Measurements.—Dipole-moment measurements made 
in the vapour phase are subject to’two main sources of error arising first out of deviations 
from ideal-gas behaviour, and secondly out of the impracticability of direct determination 
of the atom polarisation. Measurements made in:the liquid phase are also liable to two 
sources of error, arising in this case from the solvent effect and from the atom polarisation. 
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Deviations of the vapour from ideal-gas behaviour can be eliminated by suitable cor- 
rections such as those used by McAlpine and Smyth (J. Amer. Chem. Soc., 1933, 55, 459; 
cf. Smyth and McAlpine, J. Chem. Physics, 1934, 2, 499), and in the liquid, the solvent 
effect can be calculated by the appropriate equation as described in Part II (loc. cit.). 
Provided these corrections can be applied to any particular case, there remains only one 
main source of error which is common to both phases, viz., that due to the atom polaris- 
ation. This error could, it is true, be removed in the case of the vapour by making use of 
the temperature variation of the polarisation, which obeys the Debye expression, P = a + 
b/T. However, as was shown by Groves and Sugden (J., 1937, 1779), it is in many cases 
difficult to make accurate measurements over such a suitable and sufficient range of tem- 
perature as to give the constant a in the above formula with the necessary precision. This 
results in an experimental error which may be too great to give a satisfactory value for 
P,. Px, could similarly be obtained from the solvent-effect equation Ps = Pg,, + - 
Z(e — 1)*/(e + 2) + Y/e by making use of three values of the partial polarisation (Ps) 
determined for different dielectric constants to give the three unknowns P,,,, Z, and Y; 
however, here again, the error of calculation for Pg,, is too great for this method to have 
any value.- The above Debye expression cannot be applied directly to the temperature 
variation of the polarisation of liquids, because of the considerable temperature coefficient 
of the solvent effect. Disregard of this variation of the solvent effect with temperature has 
led to the recording of abnormally low values for moments, when these have been calculated 
from the dependence on temperature of the polarisation in dilute solutions (cf. Smyth and 
McAlpine, J. Chem. Physics, 1935, 3, 347), and to a rise in the apparent moment of certain 
substances if calculated at a series of rising temperatures, as has indeed been noted by 
Jenkins (Trans. Faraday Soc., 1934, 30, 739). In the present state of our knowledge of 
the solvent: effect as developed in this series it is not practicable to make the necessary 
solvent-effect corrections to measurements in suitable solvents over a sufficiently wide range 
of temperature. 

From these considerations of the errors to which the polarisation is liable, it appears that 
the sole uncertainty, necessarily remaining in both vapour and liquid measurements, is 
centred in Pg,,. It should therefore be possible both to eliminate it as a source of error 
and to determine its magnitude, by a comparative study of suitable measurements made 
in both phases, in which uncertainties due to ideal-gas deviations in the one phase and the 
solvent effect in the other have been corrected. The method employed by Groves and 
Sugden (loc. cit.; cf. Sugden, Trans. Faraday. Soc., 1934, 30, 734) in which the ratio 
Px,,/[Rz]p is taken as 1-05 is a useful approximation for certain classes of substance, but 
as shown by Cartwright and Errera (Proc. Roy. Soc., 1936, A, 154, 138), Watson and 
Ramaswamy (ibid., 1936, A, 156, 144), and Coop and Sutton (J., 1938, 1269), much higher 


TABLE I. 


Polarisation Constants of Non-polar Hydrocarbons at 20°. 
Liquid. 
’ (e— 1)" Z (de- 
Pata t+ 2+ 3) rived ' 
(electric poin.), poln. (¢—1)* p(¢— 1) 
obs. coeff.).? (e+ 2)" “(e+ 2)" 








[Rx)p. 
25-3} 25-31 mo — — 

29-91 29-91 143 0-00295 0-42 
34-5 2 34°51 163 0-00314 0-50 
39-11 39-02 ~- — — 

43-81 43-71 wed mx 
48-41 48-3 1 — -_- — 


53-11 52-91 —_— 
57-72 57-32 — — — 
26-2 * 26-6 ? 90 0-00802 0-72 25-9 
* Dornte and Smyth, J. Amer. Chem. Soc., 1930, 52, 3546. * Goss, J., 1935, ‘ 
Table VI. ‘ * By summation of atomic contributions, see Table II. 5 Kubo, Sci. Papers Inst. 
Phys. Chem. Res. Tokyo, 1935, 26, 242. * McAlpine and Smyth, J. Amer. Chem. Soc., 1933, 55, 453 
(cf. Groves and Sugden, J., 1934, 1094; Ramaswamy, Proc. Ind. Acad. Sci., 1936, 1, 108). 7 From 
PHP, = Pits + Ag(e — 1)/(e + 2);\see Table III. 
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values for this ratio (or the analogous ratio Pg,,/P,) are quite common. Moreover, for 
the majority of substances, measurements in the vapour state are impossible owing to lack 
of volatility. Where both vapour and liquid measurements are available, the elimination 
and determination of Pz,, can be effected as has been outlined in Part II (loc. cit.), and 
this will now be discussed in more detail, and for additional substances. It is also now 
shown that, within certain restricted limits, Pg,, can be treated as an additive property, 
in which it somewhat resembles the molecular refractivity. Hence, it should be possible to 
determine Px,, for the volatile members of a series by this elimination method, and thence 
by adding appropriate increments, to calculate Py,, for the higher non-volatile members. 

Derivation of the Distortion Polarisation for Liquid Paraffins.—The additive character 
of the electric polarisation for the non-polar series of normal paraffins in the liquid state 
has been demonstrated by Dornte and Smyth (J. Amer. Chem. Soc., 1930, 52, 3546), who 
found that the values (Table I) increase in a regular sequence just as do their molecular 
refractivities. The values can be reproduced by the sum of polarisations either for each 
atom or for each bond, the molecular values obtained being the same in each case. In 
Table II polarisations for carbon and hydrogen atoms are recorded, from which it is possible 
to calculate values for the electric polarisations of the liquid paraffins which agree very 
closely with the experimental values. The electric polarisation of non-polar liquids is 
composed, according to the solvent-effect equation suggested in Part I (Goss, J., 1937, 
1918), of the two terms, Py, + Z(e — 1)*/(e + 2)*. The term involving the derived 
polarisation coefficient, Z, is quite small, but as it is found to be additive, the increment for 
CH, being 0-07. (see Table I), P#, is necessarily also additive. 


TABLE II. 
Atomic Contributions to Py, at 20°.* 
Liquid. Vapour. 


Ba + Ze 
(electric poln.). 
2-40 
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* Calculated from Tables I and IV or the data of : 1 Smyth and McAlpine, J. Chem. Physics, 1934, 2, 
499. 2 McAlpine and Smyth, ibid., 1935, 3, 55. % Smyth, Morgan, and Boyce, J. Amer. Chem. Soc., 
1928, 50, 1536. * Watson, Kane, and Ramaswamy, Proc. Roy. Soc., 1936, A, , 130; cf. Fuoss, 
J. Amer. Chem. Soc., 1938, 60, 1633. 5 Groves and Sugden, J., 1937, 1782. 


The Significance of Partial Polarisations.—The values of Z(e — 1)*/(e + 2)* employed. 
in the calculation of P}:, for hexane and heptane are obtained from mixtures with ethyl 
bromide and ethyl iodide respectively. The partial polarisation Pg; for the non-polar (X,) 
and Pg» for the polar (X,) component of these mixtures, which are tabulated in Table V, 
are so defined as to conform to Lewis’s nomenclature (Z. physikal. Chem., 1908, 61, 
144). For example, Ps: = 8P’/8n,, where P’ is the total polarisation of m, molecules of 
X, and of m, molecules of X,. The apparent molar polarisations P, and P, have been 
defined by Debye (‘‘ Handbuch der Radiologie,” 1925, 6, p. 628), as, e.g., P, = (P — P,)/ 
C,-+ P,. The partial and the apparent molar polarisations become identical only at 
infinite dilution, but both of them add up to the total molar polarisation of the mixture 
P = Psyc, + Psot, = Pyc, + Pc, at all concentrations. At the same time, for any one 
concentration, represented in Fig. 1 by the point S‘on the experimental curve BB’, there 
is only one value of Ps; or of Pg2 corresponding, in accordance with a theorem due to 





» rr | | ~~ —_— a 
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Roozeboom (‘‘ Die Heterogenen Gleichgewichte,”’ 1904, II, i, p. 288; cf. Lewis and Randall, 
“‘ Thermodynamics,” 1923, p. 38), to the intercepts OC or O’C’ of the tangent CSC’. Onthe 
other hand, there are two values of P, given by OB and OD and two of P, given by O’B’ 
and O’D’, intercepts of the chords BSD’ and DSB’. Similarly, although the ordinates, 
such as TX of the curve BTO’ represent the contribution Pgic, of the non-polar component 
to the polarisation, yet there are two different values of P,c,, namely UX and SV. A 
choice between the two values of P,c, was made by Debye (ibid., p. 630) by assuming that 
“ die zur Geraden BO’ gehéren Ordinaten diirfen sehr Naherung als die Beitrage des Ben- 
zols zur Polarisation angesehen werden ?’; 4.¢., that the non-polar component probably 
behaves as an ideal solvent. 
Fic. 1. 
Polarisation of ethyl bromide and hexane at 20°. 





—o— Fxperimenta/ curve. 

———/Jangent at S. 

-—-+—-Slope of B =(Bp-Pyfe,-F. 

—++—Slope of B =(f,-RYfe,-B.. 
Contributions of Bt,,L;G,and Pcp. 


Py 
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Pill 
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Polarisation. 
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0-5 
Concentration of ethyl bromide, cz. 


Now, although Williams (J. Amer. Chem. Soc., 1926, 48, 1888) has shown that this is 
approximately true for non-polar liquids in a medium of low dielectric constant, there is 
no evidence to show that the polarisation of any liquid is proportional to concentration at 
higher values of «. On the other hand, the partial polarisations given by Lewis’s formule, 
Ps, = 8P"’/8n, and Pg. = 8P’/8n,., not only provide unambiguous polarisation coefficients 
under all conditions of electric field and concentration, but enable us to express the polaris- 
ation of the components of many such mixtures in terms of three fundamental properties 
(dipole moment, distortion polarisation, and molecular shape) of the component, and of the 
temperature and dielectric constant of the medium; this is done by means of the solvent- 
effect equation Ps = Py,, + Z(e — 1)*/(e + 2)*+ Y/e as described in earlier parts of 
this series (loc. cit.). For non-polar liquids Y is zero (see Table VI), and Py is directly 
proportional to (e — 1)*/(e + 2)* and is independent of the polar component of the mix- 
ture, Pg yalues for n-hexane and u-heptane are plotted against (e — 1)*/(e + 2)*, whence 
the Z coefficients (see Table IV) are obtained directly from the slope of the straight lines 
passing through the points determined as shown in Fig. 2. 
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The Relationship between the Distortion Polarisation of Liquid and Vapour Hydrocarbons. 
—tThe possibility of a difference between the two values of Py,, for the liquid and the 
vapour phase for certain compounds has already been discussed (Goss, J., 1935, 727). In 
the case of benzene it was then shown that the difference between the electric polarisation 
of the two phases can be interpreted on the basis of the Raman-Krishnan theory of field 
anisotropy in the liquid state, and also that the liquid possesses what. was then termed a 
“false” polarisation. This is now, owing to our increased knowledge of the polarisation 
of liquids, seen to be identical with the solvent-effect term Z(e — 1)*/(e + 2)* discussed in 
the preceding paragraphs. 

Fic. 2. 
Partial molar polarisations at 20° of non-polar hydrocarbons. 
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(e-DYe +2)* 
Although, as Govinda Rau (Proc. Ind. Acad. Sct., 1935, 1, 498) has pointed out, the 
evaluation of the field anisotropy is not rigid, the results are found to be of the right order 


for simple types of compounds. The contribution of the anisotropy has therefore been 
calculated for four of the paraffin hydrocarbons and is set out in Table III. The optical 


TABLE III. 


Anisotropy coefficients and polarisation axes. 
30°. 





a,+a4, a. ay. ay. 
+ ay. 





“+ pvap.t glig.t Bx 108.2 (All x 10*), 
0-0132 0-072 235 
0-0149 0-099 169 
0-0158 0-126 121-4 
0-0186 0-129 110-4 
19- ‘1 0-023 0-250 144-20 » 68 0-84 
31-2 0-049 0-58 79-82 oe 146¢ 76 . ‘ —0°55 —0-55 


AnH S* 


Woh © te ets 
~ 
Skeras 


1 Krishnan, Phil. Mag., 1925, [vi], 50, 697; ndian J. Physics, 1927, 2, 7, 61,179; Krishnan and Rao, ibid., 1929, 4, 39 
(cf. Cabannes, “La moléculaire de la ta bamniere,” 1929). 
® Tyrer, J., —_ 105, 2534; Freyer, Hubbard 5 ane Agen, J. Amer. Chem. Soc., 1929, §1, 766. 
* Assumed. equal tT Assumed eq 
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polarisation axes «,, %), and «, are calculated from the formule given by Krishnan (Proc. 
Roy. Soc., 1929, A, 126, 155), Py = 4nN(a, + a, + «)/9 and 


a1 Jag = {4 + Qe. 4 4/(4 + 27%P)2 — 42 — OrrP)(2 — 47*P)} (4 —187™.) 


where 7?- is the depolarisation factor for the vapour. It is necessary for the substance to 
have an axis of symmetry for these formule to be applicable. Similarly, the components 


of the polarisation field p,, 2, and p, are calculated from p, + ~, + $3 = 4x and Krishnan’s 
equation (10), which may be expressed as 


n?—1 /45riaRTBM P 
dm V a(e—iriay + + Nog 


eit (ey + a/2)(n® — 1) A 


where 74: is the depolarisation factor for the liquid, 8 is the isothermal compressibility, 
and sj, S, Ss are the amounts by which ,, po, 5 respectively differ from the isotropic field. 
Then Ay = — N(as, + aS, + a 9S3)/3, where Ag is the molecular anisotropy factor as 
previously defined (Goss, loc. cit.) and the contribution to the electric polarisation is Ap(e — 
1)/(¢ +2). The values of this contribution to the polarisation are recorded for the hydro- 
carbons in Table III. At first sight they appear not to be additive in character but this is 
due to the large temperature coefficient of Ax (loc. cit.). Krishnan and Rao (Indian J. 
Physics, 1929, 4, 39) have shown that the anisotropy exhibits a maximum value at low 
temperatures, falling to zero at higher temperatures. It follows from their work that at 
20° the value of Az(e —1)/(e + 2) has about its maximum value in the case of octane, 
whereas for the lower hydrocarbons the values at 20° are below their maxima. Comparison 
‘of the data in Tables I and III shows that the anisotropy contributions A,(¢ — 1)/(¢ + 2) 

for these paraffin hydrocarbons, after allowance for the deviations from the maxima (see 
above), are numerically equal, within the limits of experimental error, to the reaction field 
contribution Z(e — 1)*/(e + 2)*. The relationship between the liquid and the vapour 
polarisation can thus be expressed for non-polar liquids as Py*?, = P™* — Z(e — 1)*/(e + 
2)4 + Ap(e — 1)/(¢ + 2), which is the same formula as that derived experimentally for 
benzene (Goss, loc. cit., p. 729) where the supposed “‘ false ’”’ orientation polarisation K is now 
identified as the reaction field contribution of the solvent effect, i.e., Z(e — 1)*/(e + 2)4 
(see Part II). Since for the paraffins, and rather by coincidence, Z(e — 1)*/(e + 2)*= 
Ax(e — 1)/(e + 2), the electric polarisation is identical for liquid and vapour. For 
benzene, A,(e — 1)/(e + 2), which has been previously calculated (J., 1935, 727), is 
slightly greater than Z(e — 1)*/(e + 2)* as may be seen from the data in Tables I and II. 

Derivation and Additivity of the Distortion Polarisation of Alkyl and Aryl Halides.— 
Having established the additive character of the contributions of carbon and hydrogen to 
Py, and also to the experimental values of the polarisation, we now extend the additive 
principle to the halogens. Suitable data are available for the seven compounds listed in 
Table IV. The treatment for ethyl bromide has already been dealt with briefly in Part 
II (J., 1940, 757 *). It was then assumed without supporting or rebutting evidence that 
Py, /Pzt. = 1-05; an estimate of the ratio has now been made by assessing Ag as in 
the case of the above hydrocarbons. It is necessary in making the calculation to assume 
an average value for two of the three axes, and consequently the calculated anisotropy factor 
is not precise, but is, however, of the correct order of magnitude. This calculation has been 
carried out for ethyl bromide and chlorobenzene, and from the results given in Table III it. 
will be seen that Ap(e — 1)/(c + 2) is not greater than 5% of Pg,,, and hence, that the 
ratio P}?,/Pz%. for both these substances can be taken as approximating to unity. 

Consequently, for this type of substance the determination of the moment and of Pg, 
can be carried out by the method employed in Part II for ethyl bromide with sufficient 
accuracy if Pg,,4 is assumed to have the same value for both liquid and vapour. The 
appropriate data for the substances mentioned are collected in Fig. 3 and Table IV. 

The values of Pp at 20° are obtained in the following manner: from vapour polaris- 
ations recorded in the literature there is subtracted the value for Pg,, corresponding to 


* Errata. On this page lines 36 and 43: for P, read Px,,. 
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TaBLe IV." 
Polarisation data leading to the evaluation of Px... at 20°. 


Paw 
——_—_—_—_ Pa, 
point point 
of calc, of 

‘0’, calc. by inter- from _ inter- 
Assumed values solvent-effect Pe, calc. from section, Table section, 

[Rz]p. of Pgs. equations. vapour data. Fig.3. II. Fig. 3. 

ee ~* ~ 


115 1-25 1:05 1:15 1:25 “1:05 1:15 1-26 - 
30-0 32:6 42-4 43:6 447 49-5 45-8 42-11 31- 313 43-9 
35:9 — 55-2 ° 59-1 545 —1? . 34:6 56-5 
39-1 — 57-1 , 62-1 ° —? ° 38:3 59-0 
29°7 32:2 85-5 . “0 92-6 ‘7 868% 30- 29°3 = 88-2 
22-0 23-9 177-6 : 5 87:3 ‘0 82-74 23- 23-6 83-2 
223 — 49:5 ° 53:3 8 —* 2)1- 21:9 51-2 
, 4 278 — 173-4 P 76-4 , —* 26-7 26-7 75-1 
1 McAlpine and Smyth, J. Chem. Physics, 1935, 3, 55. ? Groves and Sugden, J., 1935, 971. 
3 Wiswall and Smyth, J. Chem. Physics, 1941, 9, 356. * Smyth and McAlpine, ibid., 1934, 2, 499. 





Fic. 3. 
Variation of calculated values of Po? 4nd P§* with assumed values of Pgs. 
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1-05, 1-15, or 1-25 times [Rz]p; by substituting the resulting values of Pp at the respective 
temperatures in the Debye expression, 0-01273-/ PoT, and taking a mean value as the dipole 
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moment, it is possible by the same expression to calculate the value of Py® at 20°. Again 
using the same figures for Py,, , and the recorded polarisations at 20° of suitable binary 
liquids mixtures, we calculate P§* by means of the solvent-effect equation (see above) and 
the intercept ratio Pl = Y/[3Y(Z + Pysa)/Pus, — 2] as described in Part II (loc. 
cit.). Both Pg and P>* bear a linear relationship to Pg,,/[Rz]p and have a point of 
intersection corresponding to values of Pg,, and Pg which are common to both liquid and 
vapour. 





TABLE V. 
Partial molar polarisation at 20°. 


Psa. Pai. Psa. Pai. Poa. Pai. 
PhF in CCI, (see Table VII) ; PhB¥ in CCl, (see Table VII) ; Met in CCl, (see Table VII) ; 
P. 1-3. Pra = 38: 3. Pris = 21:9 
28-2 . ‘ z 28-2 
x 28-2 
28-2 
28-2 
28-2 


PhCl in CCl, (recalc. from Goss,  Bu”Cl in CCl, (see Table VII) ; 


Puig = 29-3 
J., 1937, 1918) ; a B+a = 346. 0-00000 122 28-2 PhCl in C,H, at 25° fSuayth, 


0-00687 121 28-2 Morgan, and Boyce, 
0-00822 121 ° Chem. Soc., 1928, 
0-01271 120 ° Pria(CeH,) = 25-9, 
0-02719 118 ° 0-0000 

0-04086 116 : 0-0786 

0-08017 112 0-1988 

0-17989 103 0-4007 

0-40869 90 0-6020 

0-77657 83 0-7048 

1-00000 82-2 1-0000 


EtBr in ey (see Goss, J., 


29-3. 
EtBr in CCl, (recalc. from Goss, EtI in CCl, (see Table VII) ; EtI in C,H,, (Smyth and Stoops, 
J., 1940, 755); Pi, = 23-6. Pai, = 26-7. . Amer. Chem. Soc., 1929, 
97 28-2 . 28-2 > Para(CoHy) = 
28-2 . 33-9. 
28-3 
28-3 
28-3 
28-6 
29-1 
31 
40 
46 
53 


This method for the determination of P,,, is necessarily restricted to compounds which 
have identical moments in the liquid and the vapour state. Where there is a possibility 
that, say, an alkyl chain may have more than one spatial arrangement (cf. Stuart, Physikal. 
Z., 1930, 31, 80) and consequently different resultant moments, the use of such compounds 
in the above procedure is inappropriate because Po and P§* may not be identical. Further 
restrictions are imposed where the compounds are too volatile in the liquid or too unstable 
in the vapour state. We have therefore been confined, in our attempt to assess the additive 
character of the distortion polarisation of the alkyl and aryl halides, to the compounds 
listed above. Moreover, since the error of measurement of the polarisation of this type of 
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compound is of the order of + 0-5, this will also be the error in the calculation of Px,4. 
However, the object of this work is not the evaluation of Pg,, to a high degree of accuracy, 
but only sufficiently to permit the establishment of additivity within certain limits, so that 
we can, at a later stage, apply the calculated values to the higher, non-volatile homologues 
of the series specified. As the probable errors in the case of these homologues will still be 
of the same order, the use of additive P,,, coefficients, even with an error of -++ 0-5, appears 
preferable to other methods of assessing Px,,4. 

It will be seen from Table IV that the increments of [Rz]p and of Pg,,4 (determined by 
this elimination method) are from methyl to ethyl iodide identical at 4-8, so the additivity 
principle can be extended to iodine in the alkyl halides, the value of Pg,, for iodine being 
16-6. Using this to’calculate P,,, for the higher alkyl iodides, we find that the ratio 
Px./[Rz]p, which is 1-13 for methyl iodide, falls regularly to 1-05 for hexyl iodide and to 
below 1-01 higher in the series. The contributory values of Py,, for all the halogens can 
be obtained by subtracting from thosé of suitable halogen compounds the values for the 
alkyl and aryl residues calculated from the data for the hydrocarbons. Exaltations will 
arise from the presence of different types of bond (cf. Huggins, J. Amer. Chem. Soc., 1941, 
63, 116), and allowance has been made for these in the “ Pg,, calc.’’ column of Table IV 
by making use of the known exaltations of the molecular refractivity. The values for 
bromine, chlorine, and fluorine have been calculated in this way from experimental data 
for ethyl bromide, chlorobenzene, and fluorobenzene, as there are data in the literature for 
the vapours of these substances which have been corrected to zero pressure. 

The values of Pg,,4 obtained by the elimination method described, and also those given 
by addition from the contributory values found for the constituent atoms, are compared in 
Table IV. The figures for bromobenzene and ¢ert.-butyl chloride are in satisfactory agree- 
ment when allowance is made for the fact that the error of calculation of the elimination 


_ method increases in the order 1<Br<Cl<F, and also that the vapour polarisations for 


these compounds have not been corrected to zero pressure. Owing to the volatility of the 
alkyl fluorides, the only suitable data for fluorine are provided by fluorobenzene. . 

The values of Pg, for the halogens given in this paper are not, of course, applicable to 
all states of combination; indeed, those for C,H,X, and CX, (see Table II) are considerably 
lower. 

Values of Pg taken from the literature are included in Table II, whence P, can be 
calculated by difference but is subject to the same probable error of about + 0-5 as Pi; 
P, does, however, appear to exhibit a tendency to increase from iodine to fluorine. The 
value for fluorine appears to be somewhat high, but it will be noticed from the data in 


TABLE VI. 
Polarisation constants at 20°.’ 


Po. : “a te fa 
43-9 1 . 343 921 51-2 

565 . 47-3. 140-5 75-1 

3 594 1: wee 25° 902 0 0 

102-0 ‘9 875 2 C,H, ... 293 143 0 0 

. 236 483 3 832 1: C,Hy, «.. 339 163 0 0 


_ } Derived polarisation coefficients calculated by solvent-effect equation from data in Table V (cf. 
Fig. 2). 2 At 25°. The change in Z for 5° is unlikely to exceed the error of measurement. 


Table II that the P, ratio for F/Cl in the CX, series is 1-0/0-6, even greater than the ratio of 
5-6/4-1 found for these monohalogen compounds. The high values of P, for compounds 
containing fluorine have already been noted by Watson and Ramaswamy (loc. cit.). 


; EXPERIMENTAL. 
Density, dielectric constant, and temperature were measured as previously described (Goss, 
J., 1933, 1343; 1935, 730; 1940, 893). 
Preparation and Purification of Materials.—Fluorobenzene, prepared by the method of 
Bird and Ingold (J., 1938, 918), had n}* 1-4667 (cf. Schiemann, Z. physikal. Chem., 1931, A, 
156, 397), di?" 1-0225 (cf. Young, Proc. Roy. Dublin Soc., 1910, 12, 374). 
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A B.D.H. sample of methyl iodide was washed with sodium carbonate, dried with calcium 
chloride, and fractionated twice. The middle fraction had »?” 1-5303 (cf. Cowley and Parting- 
ton, J., 1938, 977). Ethyl iodide, similarly purified, had n}* 1-5128 (loc. cit.). 

tert.-Butyl chloride was prepared from recrystallised tert.-butyl alcohol (B.D.H.) (Organic 
Syntheses, 1928, 8, 50). | Washing was carried out with ice-cold 1% sodium bicarbonate. The 
compound was carefully fractionated, the lower third of the distillate being collected. It had 
n2® 1-3855 (cf. Timmermans and Delcourt, J. Chim. physique, 1934, 31, 85). 

A B.D.H. sample of bromobenzene was shaken successively with dilute sulphuric acid, sodium 
carbonate, and water, dried with calcium chloride, and the middle third of the distillate col- 
lected. It had 2° 1-5600 (cf. Timmermans and Martin, ibid., 1926, 23, 745). 

Densities and dielectric constants of these compounds and their mixtures with purified 


TABLE VII. 


Polarisations at 20°. 
Cy e. da. Pa Cy 


Methyl iodide and carbon tetrachloride. 
0-00000 2-2366 1-5939 28°17 0-18205 2-7532 
0-00630 2-2545 1-5967 28-39 0-23209 2-9365 
0-01276 2-2737 1-5995 28-63 0-32246 3-242 
0-02095 2-2942 1-6030 28°87 0-39028 3-524 
0-02888 2-3174 1-6065 29-15 0-49048 3-939 
0-04282 2-3563 1-6127 29-60 0-67196 4-814 
0-07795 2-4567 1-6284 30-69 0-85049 5-898 
0-11363 2-5605 1-6449 31-72 1-00000 7-081 


Ethyl iodide and carbon tetrachloride. 
0-00000 2-2353 1-5939 28°15 0-18076 2-9933 
0-00807 2-2689 1-5962 28-64 029625 3-553 
0-02288 2-3296 1-6005 29-53 0-47188 4-449 
0-04058 2-4029 1-6056 30-54 0-75333 6-082 
0-08170 2-5758 1-6177 32-78 1-00000 7-719 
0-11800 2-7313 1-6284 34-62 


Fluorobenzene and carbon tetrachloride. 
0-00000 2-2365 1-5940 28°17 0-14836 2-6479 
0-00728 2-2570 1-5898 28°49 0-25702 2-9571 
0-01443 2-2755 1-5857 28-78 0-50159 3-748 
0-02454 2-3026 1-5801 29-20 0-75252 4-574 
0-04220 2-3611 1-5702 29-94 1-00000 5-472 
0-07594 2-4431 1-5513 31-29 


Bromobenzene and carbon tetrachloride. 
0-00000 2-2386 1-5940 28-20 0°19572 2-8826 . 37-80 
0-00832 2°2654 1-5935 28-64 0-30140 3-230 . 42°17 
0-01754 2-2954 1-5922 29-15 0-48043 3-833 . 48°74 
0-02809 2-3296 1-5913 29-70 0-73379 4-627 . 56°14 
0-05227 2-4080 1-5890 30-96 1-00000 5-431 . 62-61 
0-09717 2-5559 15849 - 33-21 


tert,-Butyl chloride and carbon tetrachloride. 

- 0-00000 2-2384 1-5942 28-19 0-08017 27132 1-5274 
0-00687 2-2768 1-5882 28-84 0-17989 3°3561 1-4467 43-42 
0-00822 2-2858 1-5872 28-98 0-40869 4-981 1-2676 57-94 
0-01271 2-3100 1-5835 29-38 0-77657 7-942 0-9970 74-41 
0-02719 2-3929 1-5714 30-70 1-00000 9-961 0-8434 82-21 
0-04086 2-4750 1-5598 31-98 


35-44 


carbon tetrachloride, and the polarisations (P,,) for the binary mixtures calculated therefrom, 
are recorded in Table VII. 


The authors’ thanks are due to the Chemical Society for a grant. 


THE UNIVERSITY, = 3. [Received, March 3rd, 1941.] 
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155. Llectrolytic Reduction of Organic Compounds. Part IV. Bi- 
molecular Products from Sorbic Acid at a Solid and a Liquid Gallium 
Cathode: Analogy with Overvoltage. 


By KENNETH B. WILSON and CHRISTOPHER L. WILSON. 


The reduction of sorbic acid in alkaline solution at a gallium cathode to give a mix- 
ture of dihydro-acids and bimolecular product is described. 

On raising the temperature a marked increase in the formation of bimolecular 
product occurs when the gallium melts (29°). Attention is drawn to the similarity 
between this behaviour and that of overvoltage. 

Further experiments with solid cathodes, and the effect of current density at mercury 
cathodes, confirm the view that bimolecular (pinacol-like) products are favoured by 
high overvoltage conditions. 


In Part I of this series (Isaacs and Wilson, J., 1936, 202) it was shown that, in the reduc- 
tion of sorbic acid at various cathodes appreciable amounts of bimolecular product (I), 
which for the sake of convenience will henceforth be referred to as pinacol, were obtained 
only at mercury cathodes. The suggestion that this could be related to the high overvoltage 


Pinacol (C;H,-CO,H), (I.) 
Sorbic Acid, CsHyCOH 
Dihydro-acids, C;H,°CO,H = (I1.) 


of mercury was improbable, since at cathodes of cadmium, which also possesses a high over- 
voltage, pinacol was not formed. It seemed possible, therefore, that the unique behaviour 
of mercury might be connected with its liquid nature. The following simple picture illu- 
strates how this could arise. Pinacol formation probably involves the dimerisation of 
radicals (cf. Ingold and Burton, J., 1929, 2022; Semerano and Polacsek, Gazzetta, 1938, 
68, 292; Semerano and Betternelli, ibid., 1936, 66, 744), although, as yet, no proof of this 
has been forthcoming. Nevertheless, the special feature of a mercury cathode could be 
explained by supposing that adsorbed radicals, produced by a half-stage reduction, possess 
enhanced two-dimensional freedom and, therefore, a greater chance of uniting with one 
another. The alternative to dimerisation would be further reduction to dihydro-compound 
(II). 

Experiments to test the validity of the foregoing hypothesis have been carried out by 
comparing the behaviour of the solid and the liquid form of the same cathode. For this 
purpose only three metals, gallium (m. p. 29°), Wood’s metal (m. p. 69°), and mercury 
(m. p. — 39°), are available, and experiments have been carried out using each in turn as 
cathode. It was expected that melting the cathode would result in the appearance of 
pinacol in the reduction product. 

Although the first set of results for gallium, shown by the continuous curve of Fig. 1, 
confirms expectation, it is not so obvious why pinacol should still be formed when the 
cathode is solid, unless it is supposed that the surface, even of the solid metal, behaves to 
some extent like that of the liquid. It was at this stage in the work that a somewhat 
different point of view was introduced by the observation that the shape of Fig. 1 was 
strikingly similar to that, given in Fig. 2, relating overvoltage, at low current density, and 
temperature (Bowden and O’Connor, Proc. Roy. Soc., 1930, A, 128, 326; Stelling, Z. 
Elektrochem., 1935, 41, 787). This was the first clear intimation that a relation of some sort 
existed between overvoltage and pinacol formation. Further experiments with gallium, 
whilst apparently confusing in themselves, in reality confirmed this finding. For example, 
when attempts were made to retrace the original curve by startigg at the higher temper- 
ature, the new points fell on the broken line. Finally, when the temperature was again 
raised, the pinacol figures followed the lowest dotted line. Although somewhat discon- 
certing, this type of erratic behaviour must be expected if pinacol formation is closely 
related to hydrogen overvoltage, since the latter is known to be extremely sensitive to 
surface condition; this can hardly be controlled in experiments of this sort. Indeed, it 











. 
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was noticed that during the reductions, which were carried out without treating or cleaning 
the cathode in any way between the individual experiments, a black powdery deposit of 
gallium gradually accumulated on the surface of the cathode even when this was liquid, 
Finally, when the series was completed, the cathode was cleaned by electrolysis of warm 
dilute hydrochloric acid; subsequent reduction of sorbic acid then gave a pinacol figure 
lying fairly near the uppermost curve. 

It may be considered that any similarity between Figs. 1 and 2 can only be fortuitous 
since the current densities and media used by us (0-15 amp./sq. cm., neutral solution) and 
by Bowden and O’Connor (2 x 10 amp./sq. cm., acidic solution) differ so markedly, 
However, not only is there definite evidence (Hickling and Salt, Trans. Faraday Soc., 
1940, 36, 1226; Kabanov, Acta Physicochim. U.R.S.S., 1936, 5, 193; J. Physical Chem., 


U.S.S.R., 1936, 8, 486) that the familiar linear relationship between overvoltage and the 


logarithm of the current density holds up to current densities even higher than those 
employed in the present work, but the presence of certain organic molecules either as solvent 
(e.g., ethyl alcohol, Hickling and Salt, Trans. Faraday Soc., 1941, 87, 224) or as depolariser 
(e.g., benzaldehyde, Leslie and Butler, ibid., 1936, 32, 989) has been shown not seriously 
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(Sorbic acid, 20 g. ; catholyte, 500 c.c. of 4n-NaHCO,. 
Current density 0:15 amp./sq. cm.) 


to affect the normal overvoltage curve. Change of fg, too, in the region considered, has 
little, if any, effect on overvoltage (see below). 

Results at Wood’s metal surfaces (50% Bi, 25% Pb, 12-5% Sn, 12-5% Cd) were even 
more erratic than those at gallium. In 2N-potassium hydroxide solution, the amounts of 
pinacol varied between 2 and 10% over the range 10—96°. Liquefaction of the cathode 
had no obvious effect, During reduction the cathode became covered with a grey powdery 
deposit of pure lead. If this were mechanically removed during a reduction, there was an 
indication that pinacol tended to be high, 

With mercury at —30° (liquid) and —48° (solid) only an aqueous-alcoholic—sulphuric 
acid electrolyte could be used. Under these-conditions the reduction product consisted 
entirely of pinacol (as ester). 

Other Solid Cathodes.—If the analogy with overvoltage 3 is to hold, it would be expected 
that all cathodes, solid and liquid, would follow an overvoltage sequence for pinacol form- 
ation, it being assumed that surface roughening and contamination, which usually occur 
during a reduction, do not obscure the result. Some results with various cathodes are 
given in Table I. The effect of starting with a roughened cathode is illustrated by tin and 
cadmium, which, perhaps, explains our earlier (J., 1936, 202) failure to isolate pinacol at 
cadmium cathodes, since we used a spongy cathode. It would seem, in spite of the difficulty 
of obtaining reliable figures, that pinacol tends to form at high overvoltage cathodes, and, 
if we anticipate a later result for mercury, the sequence (pinacol % in parentheses), Hg (33), 
Sn (21), Zn (21), Pb (17), Cd (16), Cu (0), is not very different from that representing over- 
voltage, viz., Hg, Cd, Pb, Sn, Cu (Hickling and Salt, Trans, Faraday Soc., 1940, 36, 1226). 
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TABLE I. 


Pinacol Formation from the Sorbate Ion at Various Cathodes. 


(Sorbic acid, 20 g. Catholyte, 500 c.c.) 
Medium C.D.* Initial cathode Pinacol in reduc- 
Cathode. (aqueous). (amp./sq. cm.). \ surface. tion product (%). 
Cadmium $n-NaHCO, 0-0089 Spongy tf 
2n-KOH 0-143 Smooth 
2n-KOH 0-143 Spongy t 
2n-KOH 0-143 Smooth 
4$n-NaHCO, 0-0095 Smooth 
4n-NaHCO, 0-0095 Blackened § 
2n-KOH 0-143 Smooth 
2n-KOH 0-143 Smooth 
4n-NaHCO, 0-0095 Smooth 
2n-KOH 0-143 Smooth 
4n-NaHCO, 0-143 Smooth f 
4$n-NaHCO, 0-143 Spongy f¢ 
4n-NaHCO, 0-143 Smooth No reduction 
* Based on apparent surface area. 
t Produced by electrolytic deposition, 
{~ Rapidly disintegrated in use. 
§ By reduction of sorbic acid at high current density. 


Amalgam Formation with Mercury.—In some attempts to detect an increase in pinacol 
with rising current density in the manner that overvoltage is known to increase, sorbic 
acid was reduced in alkaline solution at a mercury cathode. An increase in the expected 
direction was indeed observed, as Table II shows, so long as amalgam formation was not 
evident. As soon, however, as amalgam was observed to form (at the high current density), 
or particularly if amalgam formation was deliberately encouraged, the pinacol figures fell. 
For the detection of amalgam we adopted the following device. The cathode was gently 
stirred and slowly circulated through an external vessel containing dilute sulphuric acid. 
The presence of amalgam was immediately evident by the evolution of hydrogen in this 
auxiliary wash vessel. In the first four experiments of Table IT, amalgam was absent until 
over 90% of the sorbic acid had been reduced; in the other two, considerable amalgam 
was present, almost from the start. 


TABLE II. 


Effect of Current Density on Pinacol Formation in the Reduction of Potassium Sorbate at 
Mercury Cathodes. 


PM scuncs acid, 20g. Catholyte, 500 c.c. of 2N-KOH. Temp., 20°.) 
C.D. (amp./ . 0-05 0-07 0-14 0-72 
Pinacol in ° 24-5 28-0 32:5 18-5 
* Amalgam formation encouraged by using a shallow, unstirred layer of mercury. 


TABLE III. 


Effect of Medium on Pinacol Formation from Sorbic Acid. 


[Sorbic acid, 20 g. Catholyte, either (2) 30% aqueous sulphuric acid, 167 c.c., with organic solvent, 
os c.c., or (b) 2N-KOH, 500 c.c.] 


Pinacol i in reduc- 
Cathode. (amp. a cm.). Catholyte, Temp. tion product (%). 
Mercury 0-03 H,SO, * 15° 70 
0-03 EtOH-H,SO, 89 (esters) 
0- 10 Me-CO,H-H 250, 94 
0- 14 Dioxan—H,SO, 
0-14 2n-KOH 
Tin 0-14 Dioxan—H,SO, 
0-14 2n-KOH 
Wood’s metal (solid) 0-14 Dioxan—H,SO, 
0-19 2n-KOH 


* No organic solvent: the sorbic acid was not very soluble. 


Effect of Mediwum.—One of the more interesting features of sorbic acid reduction is the F 
large increase in pinacol formation on passing from an alkaline to an acid electrolyte. 
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Data illustrating this are collected in Table III. Overvoltage is more or less independent 
of p, provided that this be not too high (Glasstone, J., 1924, 125, 2646; Analyst, 1925, 
50,327; Wagner and Traud, Z. Elektrochem., 1938, 44, 391), in which event there is evidence 
(Bowden, Trans. Faraday Soc., 1928, 24, 47 3; Proc. Roy. Soc., 1929, A, 126, 107; Bowden 
and Kenyon, Nature, 1935, 135, 105) that increasing alkali may raise the overvoltage at 
mercury. The pinacol figures, however, go in the opposite direction, and so it is more 
probable that the effect is due to the replacement of the sorbate ion as depolariser by the 
sorbic acid molecule. 

If the behaviour of sorbic acid is typical of «8-unsaturated acids, it is possible to chose 
beforehand the optimum conditions for obtaining either dihydro- or pinacol product. 
For the former, a low-overvoltage cathode, particularly spongy copper, in alkaline solution 
is satisfactory, and for the latter, mercury in acid, strict attention being paid to purity 
of reagents and freedom from contamination, is to be preferred. With sorbic acid it is 
possible to produce almost quantitative yields of either reduction product. 

By employing sodium amalgam as cathode instead of mercury in the reduction of benz- 
aldehyde in alkaline solution, the amount of pinacol produced has been shown to decrease 
from 50 to 0-5%. It is possible, therefore, that the overvoltage analogy operates here, but 
we have not yet accumulated sufficient accurate data to confirm this, owing, apparently, 
to the difficulty of separating benzyl alcohol from unchanged benzaldehyde. 


EXPERIMENTAL. 


The technique involved in the reduction of sorbic acid has been described in detail (Wilson, 
Trans. Amer. Electrochem. Soc., 1939, 75, 362). Gallium (31 g.) was contained in a small glass 
dish resting on the bottom of the cell; the superficial area was 7 sq. cm. 'Wood’s metal was 
purchased from Messrs. B. D. H. 

In the experiments involving mercury at low temperatures, the reduction cell was kept cool 
by immersing it in a mixture of “ Drikold ’’ and acetone kept in a large Dewar flask about 6” 
in diameter. The reduction cell was covered by a close-fitting lid to prevent access of moisture. 


The authors wish to thank Professor E. N. da C. Andrade for the loan of gallium, and the 
Chemical Society for a grant. 
The work was carried out at University College, London. 
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BLACKLEY, MANCHESTER. [Received, September 25th, 1941.). 





NOTES. 


The Rapid Determination of Copper in its Alloys. By Putte M. Fisk, ALEX. LIBERMAN, and 
Francis F. Potiax. 


THE two usual methods for the routine analysis of copper alloys suffer from various dis- 
advantages, the electrolytic method from the time required, and the iodometric method from 
the number of operations necessary to obtain a nitrite-free solution of the correct pg range. 
We have derived the following method, which can be carried out in 12 mins., including the 
drilling of samples. 

Alloy corresponding to 0-20—0-25 g. of copper is dissolved in 10 ml. of 5n-nitric ‘acid, and 
the solution warmed until nitrous fumes have disappeared, and then immediately cooled. 
10 Ml. of a solution containing 100 g. of urea and 300 g. of ammonium acetate per 1. are added, 
and the sides of the conical beaker are washed down by 25 ml. of water. 2 G. of potassium 
iodide are then added, and after 1 min., the liberated iodine is titrated with sodium thiosulphate 
solution containing 39 g. per 1. (1 ml. = 0-01 g. of copper, standardised against pure copper). 

Lead-containing alloys give a coffee-coloured suspension at the end-point, owing to the 
presence of lead iodide. We have failed to overcome this disadvantage either by keeping the 
lead in solution or by converting it into white precipitates, but experiments with ammonium 
chloride appear promising. 








878 Notes. 


Iron does not usually occur in such‘alloys in sufficient quantity to affect the accuracy, but 
its interference can be suppressed by addition of sodium phosphate, as usual. 


Our thanks are due to the Directors of the Crittall Manufacturing Co., Ltd., for permission 
to publish this information. [Received, October 15th, 1941.] 





The Melting Points of Toxicarol and of Related Compounds. By STANLEY H. HARPER. 


THE author (J., 1940, 1178) directed attention to the discrepancies between the published 
m. p.’s for dl-x-toxicarol which could not be accounted for by the presence of di/-6-toxicarol. 
Recently, however, Jones and Wood (J. Amer. Chem. Soc., 1941, 63, 1760) have shown that 
the type of glass from which the capillary tubes are made has a marked effect on the m. p. of 
dl-x-toxicarol, a higher value being observed in hard- than in soft-glass tubes. The m. p. of 
the pure dl-«-toxicarol described previously (Harper, Joc. cit.) has therefore been redetermined, 
and observations extended to other members of the rotenone group. M. p.’s were determined 
in Mason’s electrically heated apparatus (Chem. and Ind., 1925, 577), short-range Anschiitz 
thermometers being used. The substance was inserted in the block at 5—10° below the m. p. 
and heated at a rate of 1° per minute. Temperatures are uncorrected, but the calculated 
correction at the highest temperature was only 1°. 


M. p. in M. p. in M. p. in M., p. in 

soft glass. Pyrex glass. soft glass. Pyrex glass. 
dl-a-Toxicarol ......... 219—223° 231—-232° dl-Deguelin ......... 164—165° 170—171° 
l-a-Toxicarol ......... 125—127 125—127 Rotenone ............ 163-5—164:5 167—168 
l-a-Dihydrotoxicarol 178—179 185-5—186-5 l-isoRotenone ...... 179—180-5 184-5—185-5 
dl-B-Toxicarol ......... 169—170 169—170? dl-isoRotenone ... 171-5—172-5 172—173 
Samatrol .....0cecc0rsee 188—189 199—200 l-Elliptone ......... 171—1722 178-5—179-5* 
l-Malaccol  ..........+. 249—250 2 249—250 2 dl-Elliptone ......... 176—177 180—181 


1 The melt was quite clear at the higher temperatures. 2 Partial melting and resolidification 
occurred at 225—227° (cf. J., 1940, 309), 3 A few crystals melted at 159—160° but the remainder 
not until the higher temperature. * A few crystals melted at 162° but the remainder not until the 
higher temperature. 


The new m. p. for dl-«-toxicarol is now in close agreement with that recorded by Jones 
and Wood (loc. cit.) and by Cahn, Phipers, and Boam (J., 1938, 513). It is evident that if the 
effect is due to the alkalinity of the glass it only becomes apparent at temperatures above 130°, 
for the melting point of /-«-toxicarol is not affected by the type of glass used. It is noteworthy 
that all fusions of /--toxicarol reported previously (Harper, Joc. cit.) were carried out in hard- 
glass or silica tubes and no racemisation was observed. No significant.difference was observed 
with dl-8-toxicarol,.although Jones and Wood record a slight raising in Pyrex glass, but this 
may well have been due to contamination with dl-«-toxicarol, for their specimens did not melt 
sharply. A marked raising of m. p. was observed with sumatrol, suggesting that the diver- 
gencies recorded previously [189° and 192°, Cahn and Boam (J. Soc. Chem. Ind., 1935, 54, 
427); 192—194° and 195—196°, Robertson and Rusby (J., 1937, 497)] may have been due in 
part to the type of glass used. 

The m. p. of /-elliptone is higher than that recorded previously (Harper, J., 1939, 1099), 
and the proximity of this to that of di-elliptone suggested racemisation at or near the m. p., 
a phenomenon already observed with malaccol (Harper, J., 1940, 309). However, after fusion 
at 180° for 15 minutes in a Pyrex tube, the specific rotation of /-elliptone was unchanged 
([c}?" +55° in acetone). Racemisation does not therefore occur under these conditions, and 
the differing m. p.’s must be due to dimorphism, a feature common in this group of compounds. 
—DEPARTMENT OF INSECTICIDES AND FUNGICIDES, ROTHAMSTED EXPERIMENTAL STATION, 
HARPENDEN, HERTs. ([Received, November 5th, 1941.] 
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2:4-Dimethy] 3:6-anhydro-a-methylglucopyranoside, 99. 
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a ee $:6-anhydro-8-methylglucopyranoside, 


Dimethylaniline, p-amino-, 613. 
3-bromo-, 3-bromo-2-nitro-, 3-chloro-, 3-chloro- 
nitro-, 3-fluoro-, 3-fluoronitro-, 3-fluoronitroso-, 
3-iodo-, 3-iodonitro-, and 4-nitro-3- -hydroxy-, and 
their derivatives, 767. 
3-halogeno-derivatives, reactions of nitrous acid 
with, 766. 
2-2”:4’’-Dimethylbenzoyldiphenyl-2’-carboxylic acid, 
4:4’-dinitro-, 284. 
2:11-Dimethylchrysene, 579. 
4:4’-Dimethyl-7:8:8’:7’-coumarinocoumarin, 390. 
2:6-Dimethyl-1-8-p-cuminylethylcyclohexanol, 69. 
SS’-Dimethyl-6:7:6':7’-dibenzdithio-f-iscindigo, 639. 
5’:4’’-Dimethyl-2:2-di-n-butyl-3’:4’:5’:6’-tetrahydro- 
dibenzopyran, 6’’-hydroxy-, 829. 
5’:4’-Dimethyl-2: 5 arte ts 4’:5’:6’-tetrahydro- 
dibenzopyran, 6”-hydroxy-, 8 
SS’-Dimethyldithio-f-isoindigo, ‘on. 
dibromide, 636. 
9:10-Dimethyl-9:10-dihydroanthracene, 20. 
9:10-Dimethy]-9:10-dihydro-1:2-benzanthracene 
9:10-oxide, 20. 
9:10-Dimethyl-9:10-dihydro-1:2:5:6-dibenzanthracene 
9:10-oxide, and its picrate, 20 
3:4-Dimethyl 5-mannonolactone, 842. 
3:4-Dimethyl mannose 1:2-acetone, 842. 
rs B-methylglucofururonoside, derivatives 
of, a 
3:4-Dimethyl-4*-penten-2-one, preparation of, 819. 
3:5-Dimethylphenyl ethers, 2:4-dichloro-, 275. 
Dimethyl-4-piperidylcarbinol, and its derivatives, 46. 
1:12-Dimethyl-6-isopropyl-1:2:3:4:9:10:11:12-octa- 
hydrophenanthrene, 69. 
Dimethyl-4-pyridylcarbinol, and its derivatives, 44. 
2:3-Dimethy]l-2:3:4:5-tetrahydro-p-carboline-4-carb- 
oxylic acid, 158. 
af-Dinaphthylacrylic acids, 536. 
Dinaphthylcarboxylic acids, 683. 
1:2’-Dinaphthylcarboxylic acids, 677. 
2:2’-Dinaphthyl-3-carboxylic acid, 682. 
ee eee acid, methyl ester, 


2:2’-Dinaphthyl-3:3’-dicarboxylic acid, and its methyl 
ester, 4 

1:1’-Dinaphthylethylene, 2:2’-dihydroxy-, 504 

a-1-B-2-Dinaphthylethylene, 536. 

Diphenamic acid, 4:4’-dinitro-, 284. 

Diphenic acid, salts of, with optically active bases, 257. 

Diphenic anhydride, reactions of, 282. 

Diphenoylthiourea, and 4: 4’-dinitro-, 284, 

p-Diphenylacetamidoazobenzene, 187. 

5-Diphenylbenzopinacols, 481. 

or: anes B-chloro-B-nitroso-, preparation 
t+) . 

2:5-Diphenyldihydroterephthalonitrile, 506. 

ee a 578. 

4:5-Diphenyl-2-ethylglyoxaline, 28 

2:4-Diphenyl-5-ethylpyrimidine, Sie and 6- 
hydroxy-, 329. 

Diphenylformazylbenzene, cobalt, cupric, and nickel 
complexes, 825. 

Diphenylketen, reactions of, with cis- and trans-azo- 
compounds, 184. 

NN’-Diphenyl-N-methylacetamidine, 7 

1:3-Diphenyl-2-methylpropane, 1: Sat hydroxy. 674. 

2:4-Diphenyl-5-methylpyrimidine, 6-chloro-, and 6- 
hydroxy-, 329. 
2:4-Diphenyl-5-phenylglyoxaline, 2-0-hydroxy-4-p- 
nitro-, and 2-m-4-p-dinitro-, 282. 

4:5-Diphenyl-2-isopropylglyoxaline, 281. 

2:4-Diphenyl-5-n-propylpyrimidine, 6-chloro-, and 6- 
hydroxy-, 330. 
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2:4-Diphenylpyridine, 6-chloro-, 328. 
Diphenylsulphone, 3-chloro-2-nitro-, 726. 
Diphenylsulphones, chloronitro-, mobility of, 722. 

N N-Diphenyl-N’-o-tolylacetamidine, 785. 

Dipheny] triketone, action on, of diazomethane, 348. 
—— moments, measurement of, solvent effect in, 


2:2’-Dipyridyltetraethylsulphatodigold, 107. 
Dissociation constants of stereoisomeric dibasic acids, 


490. 

Disulphides, dismutation of, 187. 

2-Dithiobenzoyl, identity of, with o0-trisulphido- 
benzoic acid thioanhydride, 793. 

Dithio-f-isoindigo, mo its derivatives, and diamino-, 
625, 630, 637. 

Dithiophthalimide, 627. 

2:3-Di-p-toluenesulphonylchlorobenzene, 726. 

a” irre ateees sulphide, 


2:6-Di-p-toluenesulphonylpiperidinobenzene, 726. 
ee phenylmethylphenylosazone, 


Ae phenylphenylmethylosazone, 
754. 


Dysprosium nitrate hydrates, 562. 


Earths, rare, nitrates of, hydrated, 561. 
Echinocystic acid, lactones of, 559. 
Eicosyl alcohol, phenylurethane of, 347. 
Electrolytic dissociation, 293. 
reduction of organic compounds, 874. 
Elliptones, m. ps. of, 878. 
Emulsions, in sodium oleate solution, coagulation of, 
by alkaline-earth chlorides, 352. 
oil-in-water, viscosity of, 542. 
Eremophilol, and its 3:5-dinitrobenzoate, 67. 
Eremophilone, and hydroxy-, constitution of, 60. 
Eremophilone, tetrabromo-, 65. 
Esters, molecular volumes and parachors of, 307. 
Ethane, nitro-, ionisation of, 854. 
Ethers, molecular volumes and parachors of, 305. 
3-Ethinylquinuclidine, 3-hydroxy-, 477. 
5-Ethinylruban-5-ol, 476. 
2-Ethoxymethylenecyclopentanone, and 
carbazone, 467. 
Ethylallylamine picrate, 41. 
dl(—)Ethyl-n-butylacetyl bromide, 266. 
3-Ethyl-4*-dihydrothiopyran, 3-a-hydroxy-, 407. 
Ethylene dihalides, electric polarisation and molecular 
vibration of, 727. 
Ethylene, trichloro-, 
water and, 275. 
perchloro-, oxidation of, to trichloroacetic acid, 
145 


Ethylenediaminotetraethyldibromodigold, 107. 
Ethylenediaminotetraethylsulphatodigold, 106. 
2-Ethyl-4'-hexen-3-one, preparation of, 820. 


its semi- 


nicotine distribution between 


tr 3-bromo-, substituted benzyl ethers of, 


¢-Benvteuiansiiiien, 3- di 477. 
S-Ethylthio-f-isoindigo, 629. 


F. 
@ 
Flavylium chloride, 3:7:8:3’: 4’-pentahydroxy., 661. 
Formaldehyde, action of, on tryptophan, 153. 
analysis of mixtures of formic acid and, 51. 
Formanilide, m-amino-, —— of, 124. 
Formazyl compounds, me derivatives of, 823. 
tautomerism of, 820. 
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Formic acid, determination of, in mixtures with 
formaldehyde, 51. : 
N-Formyldiphenylamine, 3-mono- and 3:3’-di-amino-, 
and 3-mono- and 3:3’-di-nitro-, 486. 

Fumigatin, synthesis of, 670. 

a- and £-Furfuraldoximes, intramolecular rearrange- 
ment in, 606. 

Furfurylideneacetone, ring system extension by means 


of, 465. 
1-Furyl-9-methyldecalin, 469. 


Galactogen from Helix pomatia, 125. 

Galactose phenylmethylphenylosazone, and its tetra- 
acetate, 753. 

a derivatives, action of periodic acid on, 


Glucose phenylphenylmethylosazone anhydride, and 
its acetates, 754. 

Glucurone, furanose and pyranose derivatives of, 339. 

Glyoxalines, 777. 

Glyoxaline series, 278. 

Gold organic compounds, 102, 109. 

Growth substances, inhibitory synthesis of, 535. 

Guanidines, 777. 


Hashish activity and constitution, 169. 
Hedraganic acid, and its methyl ester, 560. 
Helix pomatia, galactogen from, 125. 
dl-y-Heptylamine, and its hydrochloride, 267. 
4}.cycloHexadiene—maleic anhydride adduct, di- 
methyl ester, 142. 
1:2:3:9:10:11-Hexahydro-1:2-cyclopentenophen- 
anthrene, 3-hydroxy-, 379. ; 
Hexamethoxybenzene, 660. 
preparation of, 670. 
ae, reaction of, with phenols, 


cycloHexane-1:4-dione-2-carboxylic acid, ethyl ester, 
and its derivatives, 582. 
cycloHexylidenesuccinic acid, 585. . 
2-Hydratropaldehyde mandelohydrazones, 652. 
Hydrindene, derivatives of, 586. 
y-5-Hydrindylbutyric acid, 588. 
Hydrocarbons, aromatic, polycyclic, 18, 679. 
molecular volumes and parachors of, 303. 
Hydrogen atoms, associating effect of, 1, 777, 820. 
o-Hydroxy-aldehydes, preparation of, III, 547. 
Hygric acid, methy] ester, preparation of, 339. 
l-Hyoscyamine ions, specific rotation of, 336. 


I. 
— substances, intramolecular rearrangement in, 


Indazole, and its picrate, 116. 
derivatives of, 1. 

Indazole, 3-bromo-5-nitro-, 117. 

Indazoles, nitro-, structure of, 113. 

' B-isoIndigo, and its derivatives, 629, 635. 

Indoline, derivatives of, 288. 

Intramolecular rearrangement in inactive subsfA&nces, 
polarimetry of, 606. 

Iodine acyls, 368. 
Iodides, reaction of, with persulphates, 641. 
— acid, action of, on glucosamine derivatives, 

a-Ionone, spectrum of, 820. 
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’-Keto-4-acetoxy-7-methoxy-1:2-cyclopentenophen- 
anthrene, 8-chloro-, and its oxime, 395. 
2-y-Ketobutylcyclohexanone-2-carboxylic acid, ethyl 
ester, 589. 
1-y-Ketobutyl-2-naphthol, and its derivatives, 588. 
reduction of, 586. 
y-Keto-a-cyano-a-anisyl-y-3:4-dimethoxyphenylpro- 
pane, 579. 
4-Keto-l1-cyano-2-p-chlorophenyl-3:3-diphenyldi- 
methylene-1:2-di-imine, 187. 
3-Ketodecahydro-1:2-cyclopentenonaphthalene, 381. 
1-Keto-6:7-dimethoxy-2-anisyl-1:2:3:4-tetrahydro- 
naphthalene, and its p-nitrophenylhydrazone, 
580. . 
3’-Keto-4:7-dimethoxy-1:2-cyclopentenophenanthrene, 
8-chloro:, 396. 
4-Keto-6:7-dimethoxy-1-vetatryl-3:3-bishydroxy- 
methyl-1:2:3:4-tetrahydronaphthalene-2-carboxylic 
acid, lactone, and its derivatives, 290. 
4-Keto-6:7-dimethoxy-1-veratryl-1:2:3:4-tetrahydro- 
naphthalene-2-carboxylic acid, action of formalin 
on, 289. 
Keto-diol, Jacobs’, 38. 
4-Keto-3:3-diphenyl-1:2-di-8-naphithyldimethylene- 
1:2-di-imine, 187. 
4-Keto-3:3-diphenyl-1:2-di-tolyldimethylene-1:2-di- 
imines, 186. 
3’-Keto-4-ethoxy-7-methoxy-1:2-cyclopentenophenan- 
threne oxime, and its acetate, 575. 
2-Keto-4-furyl-10-methyldecalin, and its semicarb- 
azone, 469. 
2-Keto-4-furyl-10-methyl-4!*-octalin, 469. 
$-Ketohexahydro-1:2-cycl/opentenophenanthrene, 379. 
y-Keto-y-5-hydrindylbutyric acid, 587. 
3-Keto-7-hydroxyoctahydrothiopyrano(3’:4’:1:2)phen- 
anthrene, 407. ' 
a-Keto-lactones, action on, of diazomethane, 348. 
’-Keto-7-methoxy-4’-benzylidene-1:2-cyclopenteno- 
phenanthrene, 574. 
$-Keto-7-methoxydecahydrothiopyrano(3’:4’:1:2)- 
phenanthrene, and its semicarbazone, 408. 
3’-Keto-7-methoxy-9:10-dihydro-1:2-cyclopenteno- 
phenanthrene, 8-chloro-4-hydroxy-, and 4-hydroxy-, 
397. 
6-Keto-14-methoxy-4-furyl-3-methyldecahydro- 
chrysene, 470. 
2-Keto-7-methoxy-12-methyl-4!:!!-dodecahydrophen- 
anthrene, 392. 
1-Keto-7-methoxy-2-methyloctahydrophenanthrene, 
469. 
8-Keto-7-methoxy-2-methyloctahydrothiopyrano- 
(3’:4’:1:2)phenanthrene, 408. 
$-Keto-7-methoxyoctahydrothiopyrano(3’:4’:1:2)- 
phenanthrene dioxide, 408. 
3-Keto-7-methoxyoctahydrothiopyrano(3’:4’:1:2)- 
phenanthrene-a, 407. : 
’-Keto-6-methoxy-1:2-cyclopentenonaphthalene, 
4-hydroxy-, and its derivatives, 399. 
’-Keto-7-methoxy-1:2-cyclopentenophenanthrene, 
8-chloro-4-hydroxy-, 396. 
3’-Keto-7-methoxy-4’-piperonylidene-2-methyl-1:2:3:4- 
tetrahydro-1:2-cyclopentenophenanthrene, 573. 
3’-Keto-7-methoxy-4’-piperonylidene-1:2:3:4-tetra- 
hydro-1:2-cyclopentenophenanthrene, 573. 
6-Keto-5-methyl-7:8-dihydrocyclopentenonaphthalene, 
and its 2:4-dinitrophenylhydrazone, 588. 
2-Keto-12-methyl-4':!!-dodecahydrophenanthrene 
semicarbazone, 388. 
2-Keto-12-methyl-4!*!!-dodecahydrophenanthrene-7- 
carboxylic acid, ethyl ester, 393. 
8-Keto-4-methyl-4*'°-octalin-9-carboxylic acid, ethyl 
ester, and its semicarbazone, 589. 
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’-Keto-2-methyl-4’-piperonylidene-1:2:3:4-tetrahydro- 

1:2-cyclopentenophenanthrene, 573. 
4-Keto-1-(1’-naphthyl)-3:4-dihydrophthalazine, 351. 
Ketones, molecular volumes and parachors of, 307. 

— of, absorption, and of their semicarbazones, 


af-Ketones, unsaturated, spectra of, absorption, 815. 
3-Keto-octahydro-1:2-cyclopentenonaphthalene, and 
its dinitrophenylhydrazone, 380. 
Ketocyclopentenophenanthrene, apochloro-, apochloro- 
dihydroxy-, and apodihydroxy-, 396. 
3’-Keto-4’-piperonylidene-1:2:3:4-tetrahydro-1:2-cyclo- 
pentenophenanthrene, 573. 
8-Keto-5:6:7:8-tetrahydro-2:3-cyclopentenonaphthalene, 
and its semicarbazone, 588. 
3’-Keto-1:2:3:4-tetrahydro-1:2-cyclopentenophenan- 
threne, and its 2:4-dinitrophenylhydrazone, 573. 
at eerie eer ee 


2-Keto-5:14:15-trimethoxyhexahydrochrysene, 580. 

1-Keto-6:3’:4’-trimethoxy-2-pheny]-1:2:3:4-tetrahydro- 
naphthalene, 582. 

Kyaphenine, and m- and p-amino-, and its p-acetyl 
derivative, and tri-p-chloro-, and mono- and di- 
nitro-derivatives, and dinitrotri-p-chloro-, 280. 


L. 
Ieevulic acid, methyl ester, oxime hydrochloride, 
604 


Lanostenetriol, and its diacetate, 181. 

Lanostenone, preparation of, 175. 

Lanostenone oxide, 181. 

Lanostenone-B, 175. 

y-Lanostenone, 180. 

Lanosterol, 172, 176. 

Lanosterol-E, 176. 

y-Lanosterol, and its acetate, 180. 

Lectures, delivered before the Chemical Society, 414, 
427, 433. 

Lithium alkyls, preparation of, 327. 

Liversidge lecture, 433. 

Lophine, amino-, tri-p-chloro-, and nitro-, 281. 

Lupane, derivatives of, surface films of, 761. 

Lupanediol, 759. 

Lupanetriol, acetate, 761. 

Lupenediol, and its acetates, 760. 

-Lupenol, and its acetate, 760. 

Lupeol, constitution of, 757. 

Lutecium nitrate hydrates, 562. 


M. 
Macromolecules, chemistry of, 414. 


l-Malaccol, m. 
Maleic acid, 
styrenes, 715. 
Maleic anhydride, esters from adducts of, 140. 
Mandelohydrazides, 649. 
Mercury pumps. See under Pumps. 
Mesidine, oxidation of, 496. 
Metals, of the copper and tellurium groups, qualitative 
analysis of, 786. 
of the thallium group, semimicro-analysis of, 72. 
6-Methoxy-2-acetonaphthone, 5-chloro-, and its de- 
rivatives, 395. 
— : nace 2:4-dihydroxy-, preparation 
0 ? ° 
4-Methoxy-4’-acetyl-af-diethylstilbene, 746. 
4-Methoxy-4’-acetyl-a-methyl-f-ethylstilbene, 747. 
4-Methoxybenzaldehyde, gy eee 661. 
— 3:5-dibromo-6-hydroxy-, 


. of, 878. 
ydride and ethyl ester, addition of, to 
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B-m-Methoxybenzoyl-a-3:4-dimethoxyphenylpropionic 
acid, amide and nitrile of, 581. 
4-Methoxy-4’-carboxy-af-diethylstilbene, 746. 
Methoxy-3’-(carboxymethyl)tetrahydrocyclopenteno- 
naphthalene, 403. : 
2-Methoxy-1-chloromethylnaphthalene, 504. 
7-Methoxydecahydrothiopyrano(3’:4’:1:2)phenan- 
threne, 3-hydroxy-, 408. 
6-Methoxy-2-decalone, 392. 
4’-Methoxydeoxybenzoin, 4-cyano-, and its 2:4-dinitro- 
phenylhydrazone, 746. 
6-Methoxy-2-m-diethylaminostyrylquinoline 
iodide, 145. 
6-Methoxy-2-m-dimethylaminostyrylquinoline 
iodide, 145. 
6-Methoxy-7-ethoxy-3-methyl-1:2:3:4-tetrahydronaph- 
ee acid, and its derivatives, 
7-Methoxy-4-ethoxy~1:2-cyclopentenophenanthrene, 3’- 
amino-, acetyl derivative, 575. 
4’-Methoxy-a-ethyldeoxybenzoin, 4-cyano-, 746. 
SS Sep eeeR ER ERANDEEM, 
4’-Methoxyflavylium chloride, 7:8-dihydroxy-, 661. 
7-Methoxyhexahydro-1:2-cyclopentenophenanthrene, 
3-hydroxy-, 380. 
6-Methoxy-5-methyl-2-acetonaphthone, 
rivatives, 389. 
6-Methoxy-1-methyl-2-decalone, 392. 
2-Methoxy-4’-methyldiphenylsulphone, 3-chloro-, 727. 
6-Methoxy-4’-methyldiphenylsulphone, 2-amino-, and 
2-chloro-, 726. 
14-Methoxy-3-methyldodecahydrochrysene, 5-hydr- 
oxy-, 469. 
6-Methoxy-5-methyl-2-naphthoic acid, 390. 
5-Methoxy-\-methyloxindole, 624. 
6-Methoxy-3-methyl-1:2:3:4-tetrahydronaphthalene- 
1:2-dicarboxylic acid, 7-hydroxy-, benzoyl deriv- 
ative, ethyl ester, 719. 
6-Methoxy-2-naphthacyl bromide, bromo-derivatives, 
570. 


meth- 


meth- 


and its de- 


5-chloro-, 572. 
6-Methoxy-2-naphthacylacetoacetic acid, 
ethyl ester, 570. 
6-Methoxy-2-naphthacylacetone, 5-bromo-, and its 
derivatives, 570. 
B-6-Methoxy-2-naphthacylpropionylacetic acid, f-5- 
bromo-, and £-5-chloro-, ethyl esters, 571. 
6’-Methoxy-2-naphthacylpyridinium bromide, 5’- 
bromo-, 570. : 
2-Methoxy-1l-naphthoic acid, 6-bromo-, and its methyl 
ester, 687. 
6-Methoxy-2-naphthoic acid, 5-chloro-, 395. 
Pe ne acid, p-5-bromo-, 
2-Methoxy-1-naphthylacetonitrile, 504. 
2-Methoxy-1-naphthylacetonitrile, bromo-, 505. 
2-Methoxy-1-naphthylcarbinyl ethyl ether, 504. 
2-Methoxy-1-naphthylchloroacetonitrile, 505. 
2-Methoxy-1-naphthylcyanomethylpyridinium 
chloride, 505. 
enimine-betaine, 505. 
3-(6’-Methoxy-2’-naphthyl)-2-methylcyclopentan-1-one, 
and 3-5’-chloro-, 571. 
3-(6’-Methoxy-2’-naphth$1)-2-methyl-4*-cyclopenten- 
l-one, 3-5’-bromo-, and its 2:4-dinitrophenyl- 
hydrazone, 571. 
8-(6’-Methoxy-2’-naphthyl)cyclopentan-1-one-2-acetic 
acid, methyl esters, 575. 
y-(6-Methoxy-2-naphthyl)-48-pentenoic acid, 382. 
3-(6’-Methoxy-2’-naphthyl)-4*-cyclopenten-1-one-2- 
acetic acid, 3-5’-chloro-, 395. 
3-6’-Methoxy-2’-naphthyl-2:5:5-trimethylcyclopentan- 
1-one-2-acetic acid, 575. 


5-bromo-, 
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7-Methoxyoctahydro-1:2-cyclopentenophenanthrene, 
3-amino-, and its hydrochloride, 379. 
7-Methoxyoctahydro-i:2-cyclopentenophenanthrene- 
3’-acetic acid, ethyl ester, 385. 
Methoxy-5:6:7:8:9:10:11:12-octahydrotriphenylenes, 17. 
6-Methoxy-4!*-octalin, 392. 
6-Methoxy-4!*-2-octalone, 392. 
4-Methoxy-1:2-cyclopentenophenanthrene-3’-acetic 
acid, 383. 
4-Methoxy-1:2-cyclopentenophenanthrylidene-3’-acetic 
acid, ethyl ester, 383 
p-Methoxyphenylchloroacetonitrile, 506. 
y-m-Methoxyphenyl-a-3:4-dimethoxyphenylbutyric 
acid, and its methyl ester, 581. 
2-p-Methoxyphenyl-4:5-diphenylglyoxaline, 281. 
o- and p-Methoxy-f-phenylethyl alcohols, 657. 
3-p-Methoxyphenyl-4?-cyclopenten-1-one-2-acetic acid, 
and its hydrate, 399. 
5-Methoxy-2-piperonylidene-a-hydrindone, 574. 
6-Methoxy-2-piperonylidene-a-tetralone, 573. 
6-Methoxyquinaldine, and its methiodide, 144. 
4-Methoxy-2:5-toluquinone, 3-hydroxy-. See Fumi- 
atin. 
Methoxytriphenylenes, 15. 
N-Methylacetanilide, 3-fluoro-, 767. 
5-Methyl-2-acetonaphthone, 6-hydroxy-, 390. 
erie acid, 2-hydroxy-, 


4-Methyl-7-n-amylcoumarin, 5-hydroxy-, 171. 

5’-Methyl-7-n-amyl-3: 4-cyclohexenocoumarin, 
/6- hydroxy-, and its acetate, 171. 
‘-Methyl-7-isoamyl-3: 4-cyclohexenocoumarin, 
5-hydroxy-, 828. 

5-Methy! 3: 6-anhydrogluconamide, 94, 

=— 3:6-anhydrogluconic acid, and its derivatives, 


5-Methyl 3:6-anhydro-y-gluconolactone, 94. 
5-Methyl 3:6-anhydromethylglucofuranoside, 94. 
4-Methy] 3: ee oy  _geemaeecazaaaes 99. 
2-Methyl-5:6-benzchroman, 589 
9-Methyl-1:2-benzfluorene, 538. 
9-Methyl-1:2-benzfluoren-9-ol, 538. 
2-Methyl-3:4-benzfluorenone, 311. 
’-Methyl-5:6-benzhydrindene, and its picrate, 588. 
4-Methyl-7:8-benzocoumarin, 6’-hydroxy-, and _ its 
p-nitrobenzoate, 390. 
3-Methyldecahydro-1:2-cyclopentenonaphthalene, 
3-hydroxy-, 381. 
1-Methyldecalin-6-carboxylic acid, 390. 
9-Methyldecalin-1-carboxylic acid, 469. 
trans-1-Methyl-1-decalol, 569. 
1-Methyl-2-decalol, 388. 
1-Methyl-2-decalone, and its Pn One 388. 
ee acid, ethyl ester, 
S-Methyl-6:7:6’:7’-dibenzthio-f-isoindigo, 639. 
’-Methyldihydroniquine, 81. 
‘-Methyldiphenyl sulphide, 2-chloro-6-nitro-, 725. 
‘-Methyldiphenylsulphones, chloroamino-, and 2- 
chloro-6-nitro-, 725. 
S-Methyldithio-f-isoindigo, 634 
Methylene ethers, preparation of, 348. 
group, a. addition of By-unsaturated alcohols 
to, 50 


1:1'-Methylenebis-2-hydroxy-6-methoxynaphthalene, 


2:3-Methylenedioxybenzocoumarones, 349. 

af-Methylenedioxy-f-benzoyl-a-phenylethylene, 349. 

4:5-Methylenedioxychrysene, 500 

2:3-Methylenedioxycoumarone, 349. 

6:7-Methylenedioxy-3-methyl-3:4-dihydronaphthalene- 
1:2-dicarboxylic acid, anhydride of, 719. 

6:7-Methylenedioxy-3-methylnaphthalene-1:2-dicarb- 
oxylic acid, anhydride of, 719. 
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2:3-Methylenedioxy-10-methylquinindoline, 623. 
6:7-Methylenedioxy-3-methyl-1:2:3:4-tetrahydronaph- 
ee acid, and its derivatives, 
4:5-Methylenedioxy-a-1’-naphthylcinnamic 
amino-, and 2-nitro-, 501. 
a-8:4-Methylenedioxyphenyl-y-phenylbutyric acid, 112. 
a-3:4-Methylenedioxyphenyl-y-p-tolylbutyric acid, 112. 
6:7-Methylenedioxy-3-propyl-1:2:3:4-tetrahydronaph- 
thalene-1:2-dicarboxylic acid, anhydride of, 720. 
2:3-Methylenedioxythionaphthen, 349. 
Methyleneimines, cyclic, 39 
Methylethylaniline, p-nitroso-, 474. 
S-Methyl-S’-ethyldithio-f-isoindigo, 634. 
5’-Methyl-7-ethyl-3:4-cyclohexenocoumarin, 
5-hydroxy-, 828. 
B-Methylgalactoside barium sulphate, 831. 
f-Methylglucofururonoside, derivatives of, 342. 
Methylglucopyruronoside, — ester, 343. 
3-Methyl glucosamic acid, 51. 
3-Methyl glucosamine, hydrochloride, 51. 
preparation of, 50. 
Methylglucoside barium sulphates, 831. 
l(—)Methyl y-heptyl ketone, 266. 
Methylhexoside barium sulphate, 831. 
i tg ee 4-cyclohexenocoumarin, 
5-hydroxy-, 8 
I-Methylindazole, 
2-Methylindazole, 3-bromo-5- and -6-nitro-, 117. 
’-Methylindirubin, 623. 
4-Methylnaphthalene, 1-iodo-, 311. 
5-Methyl-2-naphthoic acid, 6-hydroxy-, 390. 
1-Methyl-2-naphthol, 387. 
2-Methyl-1-naphthylacetonitrile, 505. 
2-Methyl-1-naphthylcarbinol, 505. 
2-Methyl-5:6:7:8:9:10:11:12-octahydrotriphenylene, 17. 
1-Methyloctalin, 569. 
N-Methyloxindole, 6(or 5)-amino-, and -nitro-, 623. 
5-hydroxy-, 623. 
N-Methylovindole-3-oxalic acid, ethyl ester, and its 
phenylhydrazone, 622. 
naan tants acid, ethyl ester, 


acid, 2- 


3-bromo-4-, -5-, and -6-nitro-, 


2-ethy|caclopentenet-aldehyde, and its 2 : 4-dinitro- 
phenylhydrazone, 46 
o-feethsi-)+-cyclopeutons-1-cerboxyiie acid, 467. 
2-Methyl-4'-cyclopentene-1-nitrile, 467. 
7-Methyl-3:4-cyclopentenocoumarin, 5-hydroxy-, and 
its acetate, 172. 
2-Methyl-4'!-penten-3-one, 820. 
3-Methyl-4?-cyclopenten-1-one-2-acetic acid, 569. 
Methyl isopropenyl ketone, preparation of, 819. 
1-Methyl-6-isopropylphenanthrene, = of, 68. 
Methylpyridinium chloride, cyano-, 
Methyl-4-pyridylcarbinol, nde i its ie, 45. 
Methylsulphonyl-f-phenylethy! alcohols, 657. 
2-Methyl-2:3:4:5-tetrahydro-f-carboline-4-carboxylic 
acid, methyl ester, hydrochloride, 158. 
2-Methyl-2:3: ey tlie paatataaneas 
acid, 2-hydroxy-, 
acid, 158. vicd loleshpdve-f-corheline-t-carheaylio 
’-Methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophen- 
anthrene, 3’-hydroxy-, 575. 
S-Methylthio-8-:scindigo, 629. 
Methylthio-f-phenylethyl alcohols, 
rivatives, 656. 
2-Methylthioxanthen, 6-nitro-, 749. 
2-Methylthioxanthone, 6-nitro-, 749. 
dioxide, 750. 
2-Methyltriphenylene, 17. 
4-a-Methylvinylpyridine, and its salts, 44. 
Micro-organisms, growth of, inhibitors of, 75. 


and their de- 
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eee symmetry in af-diethyldibenzyl compounds, 


Molecular volume. See under Volume. 

Molybdenum, complexes of, with toluene-3:4-dithiol, 
792. 

Myrcene-maleic anhydride adduct, dimethyl ester, 142. 


1-Naphthaldehyde, 2:6-dihydroxy-, 
reduction of, 389. 
Naphthalene, dichloro-, tetrachlorides, tetrachloro- 
naphthalenes from, 243. 
trichloro-derivatives, and their derivatives, 248. 
tetrachloro-derivatives, and their derivatives, 243. 
pentachloro-derivatives, 246. 


preparation and 


ee acid, and its derivatives, 


Naphthalenesulphonic acids, trichloro-, and their 
derivatives, 243. 
tetrachloro-, and their derivatives, 246. 
Naphthalene-2-sulphonic acid, 1:5-dichloro-, sodium 
salt and chloride of, 253. 
Naphthalene-3-sulphonic acid, 2:6- and 2:7-dichloro-, 
derivatives of, 256. 
Naphthalene-4-sulphonic acid, 1:8-dichloro-, sodium 
salt and chloride, 255. 
2:7-dichloro-, chloride of, 256. 
Naphthalene-8-sulphonic acid, 1:4-dichloro-, sodium 
salt and chloride, 255. 
1:4-Naphthaquinone, spectra of, absorption, and of its 
alkyl] derivatives, 159. 
B-(B-Naphthoyl)-a-p-anisylpropionic acid, 112. 
B-(B-Naphthoyl)-a-p-anisylpropionitrile, 111. 
o-1-Naphthoylbenzoic acid, derivatives of, 351. 
B-(B-Naphthoyl)-a-phenylpropionic acid, 111. 
B-(B-Naphthoyl)-a-phenylpropionitrile, 111. 
B-Naphthyl af-dibromo-f-p-anisylethyl ketone, 111. 
o-1-Naphthylmethylbenzhydrazide, 351. 
ee ee 3-6’-hydr- 
oxy-, 571. 
3-2’-Naphthyl-2-methyl-4?-cyclopenten-1-one, 3-6’- 
hydroxy-, 571. 
3-8-Naphthylcyclopentan-1-one-2-acetic acid, acetate 
and hydroxy-lactone of, 568. 
y-2-Naphthyl-44-pentenoic acid, 382. 
2-(8-Naphthylthio)benzaldehyde, 4-nitro-, 749. 
w-1-Naphthyl-o-tolylurethane, 352. 
y-2-Naphthylvalerolactone, y-hydroxy-, 382. 
Nicotine, distribution of, between trichloroethylene 
and water, 275. 
Nicotinic acid, 428. 
isoNicotinic acid, preparation of, 43. 
Niquine, and its derivatives, 77. 
Nitrogen peroxide, determination of, in atmosphere, 
519. 


vapour pressure of, 518. 
Nitrous acid as nitrating and oxidising agent, 470, 
766. 
Nitrogen—hydrogen-nitrogen bond, 777. 
Nitrogen organic compounds, photolysis of, 30. 
Nor-f-boswellenone, 794. 
ssoNorechinocystenedione, 559. 
a- and £-Norechinocystenols, 559. 
Nor-d-,-ephedrine diphenate, optical activation of, in 
chloroform or acetone-chloroform, 257. 
z-Norequilenin acetate, 572. 
trans-Norhederabetulene, m. p. of, 559. 
Norhederabetulene-III, 559. 
Norlupanol, and its acetate, 760. 
Norlupanone, 759. 
Nor-/-tropine, preparation of, and its salts, 337. 





Obituary notices :— 
James Bell, 680. 
Arthur George Bloxam, 241. 
Sir Henry Cort Harold Carpenter, 53. 
Alexander Charles Cumming, 54. 
Sir Robert Abbott Hadfield, 55. 
Edward Haworth, 241. 
George Ward Hedley, 444. 
Edward William Lucas, 57. 
Sir Gilbert Morgan, 689. 
Sir William Jackson Pope, 697. 
Christopher Rawson, 58. 
Sir Jocelyn Field Thorpe, 444. 
John William Towers, 242. 
Norman Thomas Mortimer Wilsmore, 59. 
Sir William Fitzthomas Wyley, 465. 
Frank Watson Young, 243. 
1:2:3:4:9:10:11:12-Octahydro-1:2-cyclopentenophenan- 
threne-3’-acetic acid, 383. 
1:2:3:4:5:6:7:8-Octahydrotriphenylene, 17. 
Gstrone azobenzene-4-carboxylate, 795. 
Oleananic acids, and their esters, 559. 
Oleanene-II, 560. 
Oleanolic acid, constitution of, 552. 
Organic compounds, electrolytic reduction of, 874. 
spectra of, absorption, 20, 815. 
Osazones, mixed, formation of, and their anhydrides, 
750 


Ozone, determination of, in atmosphere, 519. 
separation of, from gases, 511. 


P. 


Palmitoyldiglycylglycine, 564. 

Palmitoylglycineamide, 564. 

Palmitoylglycylglycine, and its derivatives, 564. 

Pantothenic acid, 429. 

Parachor, calculation of, 299. 

Pedicellin, synthesis of, 662. 

-— ae anhydride adduct, derivatives 
of, q 

2:3:4:5:6-Pentamethoxyacetophenone, 669. 

Pentamethoxybenzene, 666. 

2:3:4:5:6-Pentamethoxydibenzoylmethane, 669. 

2:3:4:5:6-Pentamethoxyphenyl styryl ketone. See Pedi- 


cellin. 
2:6:2’:4’:6’-Pentamethyldiphenylamine, 4-hydroxy-, 
ON-diacetyl derivative, 499. 
Pentamethyleneparaconic acid, methyl ester, 585. 
isoPentanesulphonic acid, a-amino-, 76. 
7 eee derivatives, hydrogenation 
of, 398. 
Periodic acid. See under Iodine. 
Peroxidase, reactions with, 496. 
Persulphates. See under Sulphur. 
Phenacyl bromide, 2:4:5- and 2:4:6-trichloro-, 800. 
Phenacylpyridinium bromide, 2:4:5-trichloro-, 801. 
Phenanthrenesulphonic acids, electrical conductivity 
of aqueous solutions of, 843. 
viscosity of aqueous solutions of, 850. 
— m-fluoro-, coupling of, with diazotised amines, 


3-fluoro-4-amino-, 646. 
Phenols, preparation of o-hydroxyaldehydes from, 547. 
Phenol ethers, halogenation of, 267, 358. 
Phenol ethers, 2:4-dechloro., 275.. 
Phenylacetic acid, molecular compounds of, with its 

salts, 259. 

sodium salt, molecular compounds of, 262. 
Phenylacetic acid, p-cyano-, preparation of, 745. 
o-iodo-, and its ethyl ester, 489. 
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Phenylarsenoxide, 4-amino-2-hydroxy-, 
rivative, preparation of, 192. 

Phenylbenzhydrols, 480. 

8-Phenylbenzophenone, 481. 

2-Phenylbenzophenoneanil, 480. 

o-Phenylbenzoyldiphenyl-o-diphenylylmethane, 482. 

Phenyl-p-bromophenylformazylbenzene, cobalt, cupric, 
and nickel complexes, 825. 

Phenyl-p-bromophenylformazylbenzenes, isomeric, 823. 

N-Phenyldiphenamic acid, 283. 

2-Phenyl-4:5-diphenylglyoxaline, 2-o-hydroxy-, 281. 

2-Phenyl-4:5-diphenylglyoxalines, 2-amino- and 2- 
nitro-derivatives, 282. 

4-Phenyl-2:5-diphenylglyoxaline, 4-p-amino-, and 4-p- 
nitro-, 282 

m=Phenylenediamine, picrate, 486. 
proflavin synthesis from, 121. 

f-Phenylethyl alcohol, effect of substituents on re- 
activity of hydroxy] in, 652. 

B-Phenylethyl alcohol, o-amino-, preparation of, and 

its benzoyl derivative, 287. 
p-amino-, and its derivatives, and iodo-, 656. 

B-Phenylethyl chloride, o-amino-, acetyl and benzoyl 
derivatives, 659. 

2-Phenylethylacetylnaphthalene, 537. 

1-Phenyl-2-cyclohexenylcyclohexanol, 16. 

Phenylhydrazinodiphenylacetic acid, a-f’-cyano-a’-p- 
chloro-, 187 

Phenylimino-f-isoindigo alcoholate, 635. 

Phenyliminophthalimidine, 621. 

Phenylmethanesulphonic acid, a-amino-, 76. 

Phenyl-p-methoxyphenylformazylbenzene, : 
cupric, and nickel complexes, 825. 

1-Phenylmethylacetylnaphthalene, 537. 

N-Phenyl-N-methyldiphenamic acid, 283. 

1-Phenyl-2- and -4-methylnaphthalene-2’-carboxylic 
acids, 310. 

3-Phenyl-2-methylcyclopentan-l-one, and its 2:4-di- 
nitrophenylhydrazone, 570. 

3-Phenyl-2-methyl-4?-cyclopenten-l-one, and its 2:4- 
dinitrophenylhydrazone, 570. 

1-Phenyl-3-methylpyrazole, 5-amino-, preparation of, 
and 5-amino-1-2’-chloro-, .5-amino-1-2’:5’-dichloro-, 
and 5-chloro-1-2’:5’-dichloro-, 286. 

2-Phenyl-3-methyl-2:3:4:5-tetrahydro-f-carboline-4- 
carboxylic acid, 159. 

2-Phenyl-7-methyltetral-1-one, 112. 

1-Phenyl-3-methyl-4:5-thionaphthenopyrazole, 
8-chloro-, 189. 

9-Phenyl-2-methylthioxanthen, 7-nitro-, 750. 

9-Phenyl-2-methylthioxanthhydrol, 7-nitro-, 
derivatives, 750. 

N-Phenyl-N’-8-naphthylacetamidine, 785. 

y-Phenyl-f-1-naphthylbutan-f-ol, 537. 

a-Phenyl-8-2-naphthyl-af-diethylethylene, 537. 

a-Phenyl-8-1-naphthyl-cf-dimethylethylene, 537. 

Phenylnaphthylformazylbenzenes, cobalt and nickel 

complexes, 825. 
isomeric, 822. 

a-Phenyl-f-1-naphthylmethylethylethylenes, 537. 

—— :5:9’-10’-phenanthriminazole, and 2-0-nitro-, 

8-Phenylpropionitrile, a-chloro-, 506. 

Phenylpyridines, spectra of, absorption, 364. 

Phenylthioarsenious acid, 4-amino-2-hydroxy-, 4- 
acetyl derivative, biscarboxymethy] ester, 192. 

a-Phenyl-y-p-tolylbutyric acid, 112. 

Phenyl-p-tolylformazylbenzene, cobalt, cupric, and 
nickel complexes, 825. 

2-Phenyltriphenylmethane, 483. 

Photographic sensitisers, condensation products of 
m- dialkylaminobenzaldehydes with 6-substituted 
quinaldine methiodides as, 143. 

Photolysis of nitrogen organic compounds, 30. 


4-acetyl de- 


cobalt, 


and its 
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Phthalimidephenylimine, 634. 

3-Phthalimidylisoindolenine, 1-bromo-, and its de- 
rivatives, 635. 

Phthalodiamide, 4-amino-, 640. 

Phthalodiamidine, 3:6-dihydroxy-, 630. 

Phthalonitrile, 4-amino-, acetyl derivative, and 4- 
nitro-, 639. 

Picene, degradation of, 685. 

* Picylene ketone,’’ constituent of, 685. 

2-Piperidinobenzophenone, 5-nitro-, 749. 

Piperidino-4’-methyldiphenylsulphones, nitro-, 726. 

Piperonylbutylcarbinyl ether, 720. 

16-Piperonylidene-equilenin methyl] ether, 573. 

3-Piperonylidene-N-methyloxindole, 3-6’-amino-, 622. 

1-Piperonyl-4'-pentene, 720. 

Polarisation, electric, and molecular vibrations, 727. 

— compounds, growth-inhibitory, synthesis 
ol, 

Polymerisation, 421. 

Proflavine, synthesis of, 121, 484. 

Proline, preparation of, 338. 


‘p-Propenylanisole. See Anethole. 


tsoPropylideneniquine, 80. 

<n 3-bromo-, substituted benzyl ethers 
of, ‘ 

Caner, and 4-a-bromo-, hydrobromide, 


4-iocPropyipyridine, and its derivatives, 44. 

Pulegone, condensation of, with alkylresorcinols, 137. 

Pumps, diffusion mercury, bumping in, 620. 

Pyrazole a 1. 

Pyridine, 6-amino-2-hydroxy-, condensation of, with 
p-acetamidobenzenesulphony] chloride, 291. 

— halogeno-, condensation of, with sulphanil- 
athide, 9 

sa ~ aati acid, ethyl ester, and its picrate, 


Pyridiciam chloride, amino-, acetyl derivative, 506. 

Pyridoxin, 429. 

2-Pyridyl p-aminobenzenesulphonate, 6-amino-, and 
its derivatives, 292 

p-(2’-Pyridylamino)benzenesulphonamide, and p-5’- 
amino-, and p-5’-nitro-, li, 13. 

p-(2’- -Pyridylamino)benzenesulphonic acid, p-5’-nitro-, 
sodium salt, 13. 

PF Seeger S eek, 


Pyridyldiphenyls, spectra of, absorption, 364. 
Pyrogallol trimethyl ether, preparation of, 665. 


Q. 


Quillaic acid, constitution of, 552. 

Quinaldine methiodides, 6-substituted, condensation 
of, with m-dialkylaminobenzaldehydes, 143. 

Quinine diphenate, rotation of, in alcohol-chloroform, 
257. 

Quinodiphenone, 283. 

— halogeno-, condensation of, with sulphanil- 
amide, 9. 

isoQuinolines, halogeno-, 
sulphanilamide, 9. 

p-Quinolylaminobenzenesulphonamides, 12. 

Quino-4;4’-dinitrodiphenone, 284. 


condensation of, with 


Radio-bromine, exchange of, between inorganic and 
organic bromides, 293. 

Reactions, aromatic, side-chain, polar effects of sub- 
stituents in, 796. 

Report of the Council, 197. 
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Resins, elemi Manila, triterpenoid constituents of, 181. 
natural phenolic, constituents of, 289. 

Resinols, triterpene, 319. 

Rhenium, complexes of, with toluene-3:4-dithiol, 792. 

Riboflavin, 428. 

Rotenones, m. ps. of, 878. 

Rubber, plantation, acetone extracts of, 344. 


Samarium selenate, ociahydrate, solubility of, in 
water, 112. ° 

Sandmeyer reaction, 770. 

Sapogenins, 552. 

Selenium dioxide, oxidation with, 35. 

Silane, derivatives of, 353. 

Silane, mono- and di-iodo-, 353. 

Silyl iodide. .See Silane, monoiodo-. 

Silylene iodide. See Silane, diiodo-. 

Sorbic acid, electrolytic reduction of, at gallium 
cathodes, 874. 

Spectra, absorption, of organic compounds, 20, 815. 

of quinones, 159. 
of terpenoid compounds, 811. 

Stachydrine, preparation of, 338. 

Stearoyldigiycylglycine, 564. 

Stearoylglycine, and its derivatives, 565. 

Stearoylglycylglycine, and its derivatives, 564. 

Sterols, synthesis of substances related to, 386, 391, 
393, 398, 404, 566, 575, 582, 586. . 

Sterol group, 344. 

Stilbestrol group, ketones of, 744. 

Styrenes, substituted, addition to, of ethyl maleate 
and maleic anhydride, 715. 

Substitution in aromatic compounds, 608, 793. 

Sulphanilamide, condensation of, with halogeno- 
pyridines and -quinolines, 9. 

Sulphur :— 
Persulphates, reaction of, with iodides, 641. 

Sumatrol, m. p. of, 878. 


T. 


-Taraxastanediol, and its acetate of, 183. 
-Taraxasteryl acetate oxide, 184. 
Taurine amide hydrochloride, 77. 
Terpenoid compounds, diene synthesis with, 140. 
spectra of, absorption, 811. 
Tetradeuterethylene, preparation of, 596. 
Tetradeuterethylene dibromide, preparation of, from 
dideuteracetylene, 596. 
Tetraethylmalonatodigold, 108. 
Tetraethylmethylmalonatodigold, 108. 
Tetraethyl-3-nitrophthalatodigold, 108. 
Tetraethyl-4-nitro:sophthalatodigold, 108. 
Tetraethyloxalatodigold, 107. 
Tetraethyl-n- and -iso-phthalatodigold, 108. 
Tetraethylsaccharatodigold, 108. 
Tetraethylsulphatodigold, 102, 109. 
Tetraethylterephthalatodigold, 108. 
2:3:4:5-Tetrahydroacetophenone, preparation of, 819. 
Tetrahydrocannabinol, analogues of, 826. 
2:3:4:5-Tetrahydro-f-carboline-4-carboxylic acid, pre- 
paration of, 157. 
1. ~ arene domes acid, 
Tetrahydro-2:6-di-a-furylcyclohexanol, 569. 
Tetrahydrofurfury!l alcohol p-xenylurethane, 315. 
dl-Tetrahydrofurfuryl alcohol, esters of, and _ its 
separation into optically active forms, 312. 
Tetrahydrohydrindenes, 468. 





893 


Tetrahydronorcannabinol, 171. 
5:6:7:8-Tetrahydro-1:2-cyclopentenonaphthalene, 400. 
B-Tetralyl-c-methylpropionic acid, 684. 
3:4:5:6-Tetramethoxyacetophenone, 2-hydroxy-, 669. 
 -Teeeeenemseees 1:2-dihydroxy-, preparation of, 


1:2:3:5-Tetramethoxybenzene, 665. 
Tetramethoxy-p-benzoquinone, 662. 
1:2:4:5-Tetramethoxy-3:6-diacetoxybenzene, 662. 

a ~ Vipera ete ean eee 5-hydroxy-, 


2:2:4:7-Tetramethyl-4*-chromen, 5-hydroxy-, 171. 
2:2:5':4’’-Tetramethyldibenzopyran, 6”-hydroxy-, and 
its p-nitrobenzoate, 140. 
1:2:9:10-Tetramethyl-9:10-dihydroanthracene, 19. 
2:3:4:6-Tetramethyl d/-galactose anilide, 130. 
2:2:11:11-Tetramethylhexahydrochrysene-a, 578. 
2:2:5':4”-Tetramethyl-1’:2’:3’:4’:5’:6’-hexahydrodi- 
benzopyran, 6”-hydroxy-, 139. 
3:4:4:5-Tetraphenylpyrazole, 330. 
Tetraphenylpyrazolines, 330. 
Tetra-n-propyladipatodigold, 108. 
Tetra-n-propylglutaratodigold, 108. 
Tetra-n-propylpimelatodigold, 108. 
Tetra-n-propylsuberatodigold, 108. 
Tetra-n-propylsuccinatodigold, 108. 
Tetra-n-propylsulphatodigold, 108. 
Thallium, determination of, in mixtares of metals of 
the group, 72. 
Thiobenzamide, o-cyano-, 621, 634. 
Thio-f-i. , and its derivatives, 635, 639. 
Thiophthalimidine, 634. 
1-Thionaphthen, 5-chloro-3-hydroxy-, and its 3- 
acetyl derivative, and their 1:1-dioxides, 189. 
Thionaphthindole, 10-chloro-, 190. 
Thiophen, detoxication of, 136. 
Thiophthalimide, 620, 627. 
Thiophthalimidephenylimine, 634. 
Thiopyranophenanthrene derivatives, 404. 
Thioxanthen, derivatives of, 747. 
Thorpe, (Sir) Jocelyn Field, scientific work of, 448. 
“ isoThujone,”’ constitution and spectrum of, 811. 
Thymol, 6-bromo-, and 6-chloro-, substituted benzyl 
ethers of, 364. 
Tilden lectures, 414, 427. 
p-Tolueneazobenzaldoxime, cobaltic complex, 825. 
Toluene-3:4-dithiol, complexes of, with molybdenum, 
rhenium, and tungsten, 792. 
p-Toluenesulphonic acid, electrical conductivity of 
aqueous solutions of, 844, 850. 
(p-Toluenesulphonyl)benzoic acids, nitro-, 749. 
se ay acid, 4- and 6-nitro-, p-nitrobenzyl esters, 
B-p-Toluoyl-a~p-anisylpropionic acid, 111. 
o-Tolyl ethers, 5-bromo-, 274. 
p-Tolyl ethers, 3-bromo-, 273. 
3-nitro-, 274. 
2-(p-Tolylthio)benzaldehyde, 2- and 4-nitro-, and their 
oximes, 748 
5-nitro-, 749. 
2-(p-Tolylthio)benzoic acid, 5-nitro-, 749. 
2-(p-Tolylthio)benzophenone, 5-nitro-, 749. 
CE I, 3-chloro-, 


N-o- and -m-Tolyl-N ’-p-tolylacetamidines, 785. 

Toxicarols, m. ps. of, 878. 

Toxicity, catalytic, and chemical constitution, 132. 

Triazine series, 278. 

Triethyltrimethylenetriamine, action on, of allyl 
iodide, any chloride, and ethyl bromide, 40. 

Triglycerides, hydrogenation of, acyl group migration 
during #527. 

Trimethoxyacetophenones, 2-hydroxy-, 666. 

3:4:6-Trimethoxyacetophenone, 2:5-déhydroxy-, 669. 
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3:4:5- and 3:4:6-Trimethoxybenzenes, 1:2-dihydroxy-, 
and their diacetyl derivatives, 

3:4:3’-Trimethoxychalkone, 581. 

2: ee NenAENM 5-hydroxy-, 


2: . Setanta amas 4’:5’:6’-tetrahydrodi- 
benzopyran, 5”-hydroxy-, and its acetate, 171. 

2:2:5’-Trimethyl-4”’~isoamyl-8’:4’:5’:6’-tetrahydrodi- 
benzopyran, 6”-hydroxy-, 829. 

2:4:5-Trimethyl 3:6-anhydroaldehydoglucose, 101. 

2:4:5-Trimethyl 3:6-anhydroglucose dimethylacetal, 


101. 
2-2':4”: ’’Trimethylbenzoyldiphenyl-2’-carboxylic 

acid, 4:4’-dinitro-, 284. 
2:2:5 rimethyl-4”-ethyi-3' 4’:5’:6’-tetrahydrodibenzo- 

pyran, 6”’-hydroxy-, 8 
Trimethylglycylcholine, aie 191. 

synthesis of, 190 
2:2:5’-Trimethyl-4”-isohexyl-3’:4’:5’:6’-tetrahydrodi- 

benzopyran, 6”-hydroxy-, 8: 
Trimethylkyaphenines, 280. 
Tri-p-methylkyaphenine, m-amino-, m-nitro-, 

nitro-, and di-m-nitrotri-m-amino-, 281. 
2:4:6-Trimethyl d-mannonamide, 841. 
2:4:6-Trimethyl 5-mannonolactone, 841. 

:4:6-Trimethyl mannose hydrate, 839. 

- 3:4:6-Trimethyl mannose anilide, 841. 

—_ methylglucopyruronoside, methy] ester, 


2:3:5-Trimethyl B-methylglucuronoside, 343. 

2:2: hg as :4-cyclopenteno-4°-chromen, 5-hydr- 
oxy-, 

2:4:5-Trimethylphenacyl bromide, 799. 

2:3:5-Trimethyl saccharolactone methyl ester, 342. 

2:2:5’-Trimethyl-3’:4’:5’:6’-tetrahydrodibenzopyran, 
4”:6”-dihydroxy-, 829. 

NN’N”-Trimethyltrimethylenetriamine dichloride, 41. 

2:4:6-Triphenyl-2-n-butyl-1:2-dihydro-1:3:5-triazine, 
and its derivatives, 329. 

2:4:6-Tripheny!-1:2-dimethyl-1:2-dihydro-1:3:5-tri- 
azine, 328. 


tri-m- 





Index of Subjects. 


Triphenylene, 2-hydroxy-, and its acetyl derivative, 
18. ' 


2:4:6-Triphenyl-2-ethyl-1:2-dihydro-1:3:5-triazine, 328, 
2:4:6-Triphenyl-5-ethylpyrimidine, 329. 
2:4:6-Triphenyl-2-methyl-1:2-dihydro-1:3:5-triazine, 
and its derivatives, 327. 
2:4:6-Triphenyl-5-methylpyrimidine, 329. 
2:4:6-Triphenyl-2-n-propyl-1:2-dihydro-1:3:5-triazine, 
and its sulphate, 329. 
2:4:6-Triphenyl-2-isopropyl-1:2-dihydro-1:3:5-triazine, 


329. 

2:4:6-Triphenyl-5-n-propylpyrimidine, 330. 

o-Trisulphidobenzoic acid thioanhydride, identity of, 
with 2-dithiobenzoyl, 793. 

Triterpene group, 181. 

Triterpene resinols, 35, 319. 

Tryptophan, tests for, 153. 

Tungsten, complexes of, with toluene-3:4-dithiol, 792. 


Vv. 


Valeric acid, y-chloro-y-nitroso-, preparation of, 603. 

8-Vanillylidene-N’-methyloxindole, 622. 

Velocity of reaction at low temperatures, 118, 854. 

B-Veratroyl-a-anisylpropionic acid, and its amide, 579. 

5-o-Veratryl-3:6-methylene-4!-cyclohexene-4-oxalic 
acid, methyl ester, 722. 

Vinyl compounds, polymerisation of, 416. 

Viscosity Of oil-in-water emulsions, 542. 

Vitamin-B, constituents of, 427. 


- Volume, molecular, and structure, 299. 


Y, 
Yeast, mannan of, 833. 
Yohimbine, constitution of, 153. 
Ytterbium nitrate hydrates, 562. 
Yttrium nitrate hydrates, 562. 





FORMULA INDEX. 


Tue follo index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order, C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— . 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 


we according to the number of atoms of each single element (except carbon) present in the 
molecule 


Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 


CH,O Formaldehyde, analysis of mixtures of formic acid and, 51. 
CH,O, Formic acid, determination of, in mixtures with formaldehyde, 51. 
2 Diazomethane, action of, on diphenyl triketone and on a-keto-lactones, 348, 


C, Group. 
C.D, Tetradeuterethylene, preparation of, 596. 


20 
C,Br,D, Tetradeuterethylene dibromide, preparation of, 596. 


C.HO.Cl, ‘Trichloroacetic acid, formation of, from perchloroethylene, 145. 
C.H,ON Methyl isocyanate, 30. 
C.H,0O.N Nitroethane, ionisation of, 854. 


2V 
C.H,O.N,CIS Taurine amide hydrochloride, 77. 
C, Group. 
¢.H,O Acetone vapour, photodecomposition of, 590. 


C, Group. 


C,H,0, Maleic rp ore ny addition of, to substituted styrenes, 715. 
C,H,O, Diacetyl, electric polarisation and molecular vibration of, 727. 


4Iv 


0.CIBr £-Bromoethyl chloro&cetate, 191. 
TONS a-Aminoisobutanesulphonic acid, 76. 


CHAO 


C, Group. 
C,H,,N Ethylallylamine, picrate of, 41. 


5 
C;H,,0,Te -Amyltellurinic acid, 71. 


sr y-Chloro-y-nitrosovaleric acid, 603. 
C,;H,,0,NS a-Aminoisopentanesulphonic acid, 76. 


C, Group. 
tsoNicotinic acid, 43. 
Sorbic acid, electrolytic engine of, 874. 
m- Phenylenediamine, picrate of, 487. 
Hexamethylenetetramine, reaction of, with phenols, 547. 





6 II—8 II | Formula Index. 


6 OT 
C.H,0,.F 2-Fluorobenzoquinone, 646. 
C,H,OF m-Fluorophenol, coupling of, with diazotised amines, 645. 
C,H,OS 4°*-Dihydrothiopyran-3-aldehyde, 407. 
C,H, ,N,Cl, NN’N”-Trimethyltrimethylenetriamine dichloride, 41. 


6 IV 
C.H,O.N.F 3-Fluoro-6-nitroaniline, 768. 
C,H,ONF 3-Fluoro-4-aminophenol, 646. 
C,H,O.N.S Sulphanilamide, condensation of, with halogeno-pyridines and -quinolines, 9. 
C,H,,0O,NaAu Sodium diethyloxalatogold, 107. 
C,H,,0,NCl Methyl levulate oxime hydrochloride, 604. 


C, Group. 


C,H;,N Benzonitrile, action of, with alkali organic compounds, 323. 
C,H,O, Benzoic acid, sodium hydrogen salt, 262. 
C,.H,N 2-Methyl-41-cyclopentene-1-nitrile, 467. 
$- Methyl. dextlepentens 1-cntbenytle acid, 467. 
B-(B’-Carboxyethyl)butyrolactone, 584. 
5-Methy] 3:6-anhydro-y-gluconolactone, 94. 
B-Methylglucofururonoside y-lactone, 342. 
C,H,,0, 3:6-Anhydro-a-methylglucofuranoside, 96. 
C,H,,0 dl-ay-Diethylallyl alcohol, synthesis and resolution of, 316. 
C,H,,N dl-y-Heptylamine, and its hydrochloride, 267. 


. 7m 
C,H.NCl, 2:4:5-Trichlorobenzonitrile, 800. 
C,H,OS, o0-Trisulphidobenzoic acid thioanhydride, identity of, with 2-dithiobenzoyl, 793. 
C.H,0,Br, 3:5-Dibromo-6-hydroxy-2-methoxy-p-benzoquinone, 660. 
C,.H,N.Cl Cyanomethylpyridinium chloride, 506. 
~H,ON, m-Aminoformaldehyde, 124. 
C,H,ON Methyl-4-pyridylcarbinol, and its salts, 45. 
C,H,,0S 3-0 Sipdosanet yl-43-dihydrothiopyran, 407. 
C,H,,0N 2-Acetyl-1-methylpyrrolidine, and its aurichloride, 337. 
4-Acetylpiperidine, and its salts, 47. 
Bellaradine, and its salts, 335. 
Nor--tropine, and its salts, 337. 
C.H,,0,N 5-Methy] 3:6-anhydrogluconamide, 94. 
C,H,,0,N §-Methylglucofururonoside amide, 342. 
C,H,,0,N 3-Methyl glucosamic acid, 51. 


7IV 
C.H,O.N,Br 3-Bromo-5-nitroindazole, 117. 
C.H,O,N.F 3-Fluorodinitroanisoles, 793. 
C,H,ON.Cl Acetamidopyridinium chloride, 506. 
C,H,0,NS a-Aminopheny]methanesulphonic acid, 76. 


C, Group. 


C,H,O, Phenylacetic acid, molecular compounds of, with its salts, 259. 
C,H,O, Fumigatin, 672. 
C,H,O, 2-Hydroxy-3:6-dimethoxy-1:4-benzoquinone, 668. 
2:3:6-Trihydroxy-4-methoxy benzaldehyde, 661. é 
C,H,N 4-a-Methylvinylpyridine, and its salts, 44. 
C,H,,0, 3-Methyl-4?-cyclopenten-l-one-2-acetic acid, 569. 
C,H,,N 4-isoPropylpyridine, and its salts, 44. 
C,H,,0, wa maleate, addition of, to substituted styrenes, 715. 
C,H,,0, 2:5-Dimethyl 3:6-anhydro-y-gluconolactone, 95. 
2-H droxy-3:6-dimethoxyquinol, 669. 
0.H,.N, p-Aminodimethylaniiiee, 613. 
C,H,,0, 2:4-Dimethy] 3:6-anhydroglucose, 100. 
2:5-Dimethy] 3:6-anhydroglucose, 95. 
5-Methy] 3:6-anhydromethylglucofuranoside, 95. 
4-Methy] 3:6-anhydro-a-methylglucopyranoside, 99. 
C,H,,0, 2:4-Dimethy] 3:6-anhydrogluconic acid, 100. 
3:4-Dimethyl 5-mannonolactone, 842. 
Methyl 4-methy] 3:6-4nhydrogluconate, 99. 
C,H,,0, Methyl methylglucopyruronoside, 343. 


8 
C,H,0.N, 4-Nitrophthalonitrile, 639. 
s0Cl, Trichloroacetophenones, 800. 
C,H;NS, Dithiophthalimide, 627. 
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Formula Index.. 


C,H.N.S o-Cyanothiobenzamide, 621, 634. 

C,H,NS Thiophthalimidine, 634. 

C,H,OI o- and p-Iodo-f-phenylethyl alcohols, 656. 

CoH Ose Ethyl] pyridine-4-carboxylate, and its salts, 43. 
4-Aminophthalodiamide, 640. 

C,H, On, Mandelohydrazides, 649. 

C,H,,0.N, 3:6-Dihydrox Cb me we 630. 

CoH OM 4-Nitro-3-hydroxydimethylaniline, 767. 

On NEr 3-Chlorodimethylaniline, and its salts, 767. 
3-Bromodimethylaniline, and its hydrochloride, 767. 


Car 3- Setediionstbeteartiien and its salts, 767. 

C,H,.NF 3-Fluorodimethylaniline, and its salts, 767. 
ww Dimethy]l- A-pyridylearbinol, and its salts, 44 
C,H,,0.8 Bis-y-ketobutyl sulphide, 406. 

C.H;,0 r di(—)Ethyl-n-butylacetyl bromide, 266. 


15 2:4-Dimethy] 3:5-anhydrogluconamide, 100. 
2:5-Dimethyl 3:6- coletenhenieetie, 95. 

C,H,,.NBr 4-a-Bromoisopropy  cerwergde drobromide of, 46. 

C,H,,ON Dimethyl]-4-piperidylcarbinol, and its salts, 46. 


8IV 
C,H,OCI1,Br_ Trichlorophenacyl bromides, 800. 
C,H,ONS Thiophthalimide, 620, 627. 
C,H,0,CIS 5-Chloro-3-hydroxy-1-thionaphthen 1:1- dioxide, 190. 
.N;Br Bromonitromethylindazoles, 117. 
3-Fluoronitroacetanilides, 768. 
3-Fluoroacetanilide, 768. 
2-Chloro-5-nitrobenzaldehyde methylhydrazone, 117. 
3-Fluoronitrosodimethylanilines, and their salts, 767. 
201 3-Chloronitrodimethylanilines, 769. 
3-Bromonitrodimethylanilines, 769. 
3-Iodonitrodimethylanilines, 769. 
3-Fluoronitrodimethylanilines, 767. 
C,H,,0N,S 3-Acetyl-4*-dihydrothiopyran, 407. 
C,H,,.0) Bellaradine methiodide, 336. 
C,H,,0,SAu, Tetraethylsulphatodigold, 106. 


C, Group. 


C,H,O, 2:3-Methylenedioxycoumarone, 349. 
2 Cinnamic acid, codbens hydrogen salt, 262. 
C,H,O, 3:5- Aldehydo-o-cresol, 549. 
C,H, .0, 2:4-Dihydroxy-3- methoxyacetophenone, 670. 
o- and p-Methoxy-f-phenylethyl alcohols, 657. 

C,H,.0, 2:3-Dihydroxy-4:5-dimethoxytoluene, 671. 

Ethy A cyclohexane-1:4-dione-2-carboxylate, 583. 
C.H,,0, 1:2-Dihydroxy-3:4:5-trimethoxy benzene, 667. 

1:2-Dihydroxy-3:4:6-trimethoxy benzene, 666. 
C,H,,0, 1:2-Acetone glucofururonolactone, 343. 
C,H,,N Benzylethylamine, picrate of, 41. 

esidine, oxidation of, 496. 

C.H,,0, 2:5-Dimethyl B- methylglucofururonoside y-lactone, 342. 


160, 2:5-Dimethyl 3:6-anhydro-a- and -8-methylglucofuranosides, 96. 


_ 2:4-Dimethyl 3:6-anhydro-a-methylglucopyranoside, 99. 
2:4-Dimethyl 3:6-anhydro-8-methylglucopyranoside, 101. 
2:4:5-Trimethyl 3:6-anhydroaldehydoglucose, 101. 
C,H,,0, 2:4:6-Trimethyl 5-mannonolactone, 841. 
CoH 1(—)Methyl y-heptyl ketone, 266. 
C,H,,0, 2:4:6-Trimethyl mannose, hydrate of, 839. 
C,H,,0, Diethylacetal, synthesis of, at low temperatures, 118. 


9 I 
C,H,0.8 2:3- Methylenedioxythionaphthen, 349. 
nO 6-Chloro-2:4-dialdeh ne tar 549. 
Cc 6(or 5)-Nitro-N-methyloxindo. — 623. 
ca oo B- phenylpropionitrle, 506 . 
droxy-N-methyloxindole, 623. 
CEO 'Cl oro-4-aldehydo-m-5-xylenol, 549. 
Onde, ‘cer 5)-Amino-WV- methyloxindole, 623. 
Or 2:4-Dichloro-3:5- -dimethylphenyl methyl ether, 275. 
C,H,,0 3:5-Dialdehyde-o-cresol dioxime, 549. 
C,H, 10,N, 2-Nitro-4- ye wp acid, 564. 
C,H,,Cis Methylthio-8-phenylethy] chlorides, 657. 
C,H,,0N, p-Nitrosomethylethylaniline, 474. 
897 
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C,H,,0S Methylthio-8-phenylethy]l alcohols, 656. 
20.Te Ethyl n-amyltelluroacetate, 71. 
20.8 oO eye erty alcohols, 657. 
30 = roxy-3-ethinylquinuclidine, 477. 
C,H,,0.N, 2-Ethoxymethylenecyclopentanone semicarbazone, 467. 
C,H, ,0 1:2-Acetone glucofururonamide, 343. 
C,H,,ON 3-Hydroxy-3-ethylquinuclidine, 477. . 
1 2:5-Dimethyl 8-methylglucofururonoside amide, 342 
C,H,,ON 1(+-)Aceto-y-heptylamide, 266. 
C,H,,0,N 2:4:6-Trimethyl d-mannonamide, 841. 


9IV 


Oe 


3-Fluoro-N-methylacetanilide, 767. 
o-Iodoacetophenone semicarbazone, 490. 
Cl 2-Chloro-4-aldehydo-m-5-xylenol oxime, 549. 
C,H,,0ON,8 Bis-y-ketobutyl sulphide semicarbazone, 406. 


C,, Group. 
Pentachloronaphthalenes, 246. . 
Tetrachlofonaphthalenes, 250. 
1:4-Naphthaquinone, absorption spectrum of, 159. 
Dichloronaphthalene tetrachloride, 245. ; 

2-Acetoxy-3:6-dimethoxy-1:4-benzoquinone, 668. 
Anethole, condensation of, after heating, 672. 

2:5-Dihydroxy-3:4-dimethoxyacetophenone, 667. 


-(B’-Carbethoxypropionyl)butyrolactone, 584. 
icotine, distribution of, between trichloroethylene and water, 275. 
-Carboxyphenyltrimethylammonium hydroxide, salts of, 563. 
thyl 1-methylcyclopentan-2-one-1-acetate, 468. 
1:2-Acetone 5-methy] 3:6-anhydroglucofuranose, 94. 
2:3:5-Trimethyl B-methylglucuronoside, 343. 


10 OI 
C,.H,ON, 4-Acetamidophthalonitrile, 640. 
C.:H.N,Cl, 5-Chloro-1-(2’:5’-dichlorophenyl)-3-methylpyrazole, 286. 
C,.H,N,Cl, 5-Amino-1-(2’:5’-dichlorophenyl)-3-methylpyrazole, 286. 
anoacetone 2:5-dichlorophenylhydrazone, 286. 
C,oH,oN,Cl 5-Amino-1-(2’-chlorophenyl)-3-methylpyrazole hydrochloride, 286. 
anoacetone o-chlorophenylhydrazone, 286. 
C,o0H,,ON Acetylindoline, 288. 
C,oH,,0.N 5-Methoxy-N-methyloxindole, 624. 
Ethyl o-iodophenylacetate, 489. 
2:4-Dichloro-3:5-dimethylphenyl ethyl ether, 275. 
5-Bromo-o-tolyl isopropyl ether, 274. 


h 
chlorides, 251. 


phonic acids, and their salts, 249. 
50,C1,S, oronaphthalenedisulphonic acid, and its salts, 250. 
3Cl,8 Dichloronaphthalenesulphonic acids, sodium salts, 253. 
5-Chloro-3-acetoxy-1-thionaphthen, 189. 
oro-3-hydroxy-2-acetyl-1-thionaphthen, 189.- 
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Formula Index. 


C,oH,O,CIS 5-Chloro-3-acetoxy-1-thionaphthen 1:1l-dioxide, 190. 
5- hloro.3-hydroxy-2-acety!-1-thionap then 1:1-dioxide, 189. 
C,oH,,ONC] 0-Acetamido-8-phenylethy! chloride, 659. 
CioH:;0;NS N-Carbobenzyloxytaurine, sodium salt, 76. 
C,oH,,0,N.8S N-Carboxybenzyloxytaurine amide, 77. 
C,.H,.N,Br,Au, Ethylenediaminotetraethyldibromogold, 107. 


10V 


C,.H,O,NCLS Tetrachloronaphthalenesulphonamide, 250. 
C,.H,O,NCI,8 Trichloronaphthalenesulphonamides, 249. 
C,oH.,0,N.SAu, Ethylenediaminotetraethylsulphatodigold, 107. 


C,, Group. 
11 


Cc; Ais 1 -Methyloctalin, 569. 


C,,H,I 1-Iodo-4-methylnaphthalene, 311. 
C,,H,,0, Methyl benzylidenepyruvate, 722. 
C,,H,,0,; 5:2-Diketo-5-cyclohexylvalerolactone, 585. 
C,,H,,0, 3-Hydroxy-4:5-dimethoxy-2-acetyltoluene, 671. 
C,,H,,0, 2-Hydroxy-3:4:5-trimethoxyacetophenone, 667. 
2-Hydroxy-4:5:6-trimethoxyacetophenone, 668. 
C,,H,,0, 2:5-Dihydroxy-3:4:6-trimethoxyacetophenone, 669. 
1H,,0, 6-Methoxy-4!*-2-octalone, 392. 
C,,H,,0, Methyl pentamethyleneparaconate, 585. 
1H,,0, Pentamethoxybenzene, 666. 
C,,H,,0 6-Methoxy-4?: -octalin, 392. 
C,,H,,0, 6-Methoxy-2-decalone, 392. 
C,,H,,.0 1-Methyl-2-decalol, 388. 
trans-1-Methyl-a-decalol, 569. 
3:4-Dimethyl mannose 1:2-acetone, 842. 
Methy] 2:3:4-trimethyl methylglucopyruronoside, 343. 
2:4:5-Trimethyl 3:6-anhydroglucose dimethylacetal, 101. 


lm 
C,,H,,0N 6-Methoxyquinaldine, 144. 
2 ‘Tryptophan, tests for, 153. 
2:4:5-Trimethylphenacyl bromide, 799. 
2:4-Dichloro-3:5-dimet. vigneny" n-propyl ether, 275. 
3 B-(B’-Carbethoxypropionyl)butyrolactone semicarbazone, 584. 


11lIV 
Con Oe p-(5’-Nitro-2’-pyridylamino)benzenesulphonic acid, sodium salt, 13. 
C,,H,,.0,N,S 5-Nitro-2-(p-aminobenzenesulphonamido)pyridine, 14. 
p-(5’-Nitro-2’-pyridylamino)benzenesulphonamide, 13. 
C,,H,,0,.N,8 p-(2’-Pyridylamino)benzenesulphonamide, 11. 
C,,H,,0,N,8 6-Amino-2-pyridyl p-aminobenzenesulphonate, 292. 
6-Hy oxy-2-(p-aminobenzenesulphonamido)pyridine, 293. 
C,,H,,0.N,8 5-Amino-2-(p-aminobenzenesulphonamido)pyridine, 14. 
p-(5’-Amino-2’-pyridylamino)benzenesulphonamide, 13. 


C,. Group. ' 
cis-Azobenzene, bond lengths and resonance in, 409. 
- 2-Methyl-1-naphthylcearbinol, 505. 
3-Phenyl-2-methyl-4?- penten-l-one, 570. 
C,,.H,,O 3-Phenyl-2-methylcyclopentan-1l-one, 570. 
C,,H,,0, 2:6-Dimethoxydihydronaphthalene, 389. 
P 1-Piperonyl-4'-pentene, 720. 
1 


2H 2:3-Diacetoxy-4:5-dimethoxytoluene, 672. 
2- droxy-3:4:5:6-tetramethoxyaceto henone, 670. 
ethyl 5:2-diketo-5-cyclohexylvalerate, 584. 
, Hexamethoxybenzene, 662. 
6-Methoxy-1-methyl-2-decalone, 392. 
1-Methyldecalin-6-carboxy ic acid, 390. 
9-Methyldecalin-1l-carboxylic acid, 470. 


12M 
C,,H,0. 6-Bromo-2-methoxy-1-naphthoic acid, 687. 
C.2H,,0,8 3-Acetoxy-2-acetyl-1-thionaphthen, 189. 
C,.H,,0Cl 2-Methoxy-1-chloromethylnaphthalene, 504. 
C,.H,,0,N, «o-Hydroxymethylamino-f-3-indolylpropionic acid, 157. 
C,.H,,0 Tetrahydrofurfuryl p-nitrobenzoates, 316. 
C,.H,,0. 5-Bromo-o-tolyl'n-amy]l ether, 274. 
C,.H,,ON, 1-Methyl-2-decalone semicarbazone, 388. 
C,,H,,0,Au, Tetraethylmethylmalonatodigold, 108. 
8 
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12 IV—13 V Formula Index. 


12 IV 
C,,H,0. 3-Fluoro-3’-nitro-4-benzeneazophenol, 646. 
C,.H,0. 3-Fluoro-4-benzeneazophenol, 646. 
C,.H,,.0,N,8S 4?-Dihydrothiopyran-3-aldehyde 2:4-dinitrophenylhydrazone, 407. 
C,.H,,ONI 6-Methoxyquinaldine methiodide, 144. 
C,.H,,0.N.Cl, Ethyl acetoacetate 2:5-dichlorophenylhydrazone, 286. 
C,,H,,0,SAu, Tetra-n-propylsulphatodigold, 107. 


12V 


C,,H,O,NCIS 3-Chloro-2-nitrodiphenylsulphone, 726. 
C,,H,,O,.NS,As Biscarboxymethy] 4-acetamido-2-hydroxyphenylthioarsinite, 192. 


C,, Group. 


C,;H,, 5:6-Benzhydrindene, 588. 
C,;3H,,. 5:6:7:8-Tetrahydro-1:2-cyclopentenonaphthalene, 400. 


13 0 . 


C,;H,O, 2:3-Methylenedioxybenzocoumarones, 349. 
N 2-Methyl-1-naphthylacetonitrile, 505. 

C,;H,:N; Proflavine, synthesis of, 121, 484. 

C,;H,,0, 6-Hydroxy-5-methyl-2-acetonaphthone, 390. 

C,3H,,0, 5-Hydroxy-7-methyl-3:4-cyclopentenocoumarin, 172. 
6-Methoxy-5-methyl-2-naphthoic acid, 390. 

C,;H,,0 8-Keto-5:6:7:8-tetrahydro-2:3-cyclopentenonaphthalene, 588. 

C,;3H,,0; y-Keto-y-5-hydrindylbutyric acid, 587. 

C,;H,,0, Methyl 2:3-dimethoxybenzylidenepyruvate, 722. 
‘Tetrahydrofurfuryl hydrogen phthalates, 311. 

C,;H,,0, 2:3:5-Triacetoxyanisole, 661. 

C,;H,,0, y-5-Hydrindylbutyric acid, 588. 
5-Hydroxy-2:2:4:7-tetramethyl-4?-chromen, 171. 

C,3H,,0, 1:2-Diacetoxy-3:4:6-trimethoxybenzene, 666. 
1:2-Diacetyl-3:4:5-trimethoxybenezene, 668. 

C,;H,,0 3-Keto-octahydro-1:2-cyclopentenonaphthalene, 380. 


3H,,0, 3-8-Carbomethoxyethyl-4-carbomethoxy-4-methyl-4*-cyclohexen-l-one, 585. 


C..H,.0, 2:3:4:5-Pentamethoxyacetophenone, 669. 
C,;H,.0, Ethyl 2-y-ketobutylcyclohexanone-2-carboxylate, 589. 
C,;H,,0, Ethyl 3-carbethoxy-1-methylcyclopentan-2-one-l-acetate, 468. 


13 


C,;H,OC], 2:4-Dichloropheny] chlorobenzyl ethers, 275. 
C,;H,O;N, 3:3’-Dinitro-N-formyldiphenylamine, 486. 
C,;H,O,N, Indazole picrate, 116. 


C,;H,,0,C1 5-Chloro-6-methoxy-2-acetonaphthone, 395. 
C,;H,,0,Br Methyl 6-bromo-2-methoxy-1-naphthoate, 687. 
C,;H,,N.Cl a-Cyanobenzylpyridiniunt chloride, 506. 

13H,,0N, 3-Amino-N-formyldiphenylamine, 486. 

N, 2:3:4:5-Tetrahy -}-carboline-2:4-dicarborylic acid, 158. 
13H, 3:3’-Diamino-N-formyldiphenylamine, 486. 
iN Ethyl N-methyloxindole-3-oxalate, 622. 

C,;H,,0O.N, 3-Methyl-2:3:4:5-tetrahydro-B-carboline-4-carboxylic acid, 158. 
C,;H,,0,N, 2-Hydroxymethyl-2:3:4:5-tetrahydro-f-carboline-4-carboxylic acid, 158. 
C,;H,,0,N, 2-Methylcyclopentene-l-aldehyde 2:4-dinitrophenylhydrazone, 467. 
C,;H,,ON, N-2’:4’-Diamino-a-hydroxybenzyl-m-phenylenediamine, 486. 

2:4:2’:4’-Tetra-aminobenzhydrol, 487. 

13 IV 

C,;H,O,N,Cl° 2-Chloro-5-nitrobenzaldehyde 2:4-dinitrophenylhydrazone, 117 
C,3H,oONC] 2-Methoxy-1-naphthylchloroacetonitrile, 505. 
C,;sH,,ONBr Bromo-2-methoxy-1-naphthylacetonitrile, 505. 
C,sH,0ONI 2’-Iodobenzanilide, 488. 
C,3H,,0,CIBr 5-Chloro-6-methoxy-2-naphthacyl bromide, 572. 

13H,,0;N,8 5-Nitro-2-(p-acetamidobenzenesulphonamido)pyridine, 13. 
C,3H,,0,N,8 6-Amino-2-pyridyl p-acetamidobenzenesulphonate, 292. 


13V 


C,;H,ONCI,Br Prey rer pee ee aay bromide, 801. 
C,3H,,0,NCIS 2-Chloro-6-nitro-4’-methyldipheny] sulphide, 725. 


C,3H,,0,NCIS 2-Chloro-6-nitro-4’-methyldiphenylsulphone, 725: 
C,;H,,0,NCIS Chloroamino-4’-methyldiphenylsulphones, 726. 
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Formula Index. 141-15 


C,, Group. 
C,,.H,, 3’-Methyl]-5:6-benzhydrindene, 588. 


140 


C,,H,O, Anthraquinone, absorption spectrum of, 159. 
C,,H,O, Diphenic anhydride, reactions of, 282. 
5 6:7-Methylenedioxy-3-methylnaphthalene-1:2-dicarboxylic anhydride, 719. 
C,.H,,0, 6’-Hydroxy-4-methyl-7:8-benzocoumarin, 390. 
100, Diphenic acid, salts of, with optically active bases, 257. 
C,.H,,0, 6:7-Methylenedioxy-3-methyl-3:4-dihydronaphthalene-1:2-dicarboxylic anhydride, 719. 
14H,,0, 4-Hydroxy-3’-keto-6-methoxy-1:2-cyclopentenonaphthalene, 399. 
6 7-Methylenedio trahydronaphthalene-1:2-dicarboxylic anhydride, 718. 
C,,H,,O 2-Methyl-5:6-benzchroman, 589. 
C,,H,,0, 6-Methoxy-5-methyl-2-acetonaphthone, 389. 
C,,H,,0, 3-p-Methoxypheny]-4?-cyclopenten-1-one-2-acetic acid, 399. 
4H,,0, 6:7-Methylenedioxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic acid, 718. 
C,,H,,0, 1-y-Hydroxybutyl-2-naphthol, 589. 
2-Methoxy-1-naphthylcarbinyl ethyl ether, 504. 
C,,.H,,0, ¢ hcttenp St denstienyentnal diacetate, 669. 
C,,H,,0, §-Tetralyl-a-methylpropionic acid, 684. 
C,,H,,0, 1:2:4:5-Tetramethoxy-3:6-diacetoxy benzene, 662. 
C,.H.,.0 6-Keto-5-methyl-7:8-dihydrocyclopentenonaphthalene, 588. 
C,,H..0, Ethyl 3-keto-4-methyl-4-*°-octalin-9-carboxylate, 589. 
C,,H..0, Ethyl 1-methyl-2-decalone-6-carboxylate, 393. 
C,,H,,O 3-Hydroxy-3-methyldecahydro-1:2-cyclopentenonaphthalene, 381. 


14m 
C,,H,0,N, Dinitrocyanobenzophenone, 281. 
C,,H,O,N, 4:4’-Dinitrodiphenamic acid, 284. 
(ON, Phenyliminophthalimidine, 621. 

Phthalimidephenylimine, 634. 
C,,H,.N.S ea en 634. 
C,,H,,0,N, Benzeneazopiperonaldoxime, 824. 
C,H; 2:4-Dichlorophenyl aw ether, 275. 
C,,H,,OBr, Bromotolyl p-bromobenzy! ethers, 274. 
C,,H,,ON, Benzeneazo-p-tolualdoxime, 824. 

«H,,0Br 5-Bromo-o-tglyl benzyl ether, 274. 
C,,H,,ON 1-y-Ketobutyl-2-naphthol oxime, 589. 
C,,H,,0,N 6-Methoxy-5-methylacetonaphthone oxime, 390. 
C,,H,,0.N, 2:3-Dimethyl-2:3:4:5-tetrahydro-B-carboline-4-carboxylic acid, 158. 
P LOM 2-methyl-2:3:4:5-tetrahydro-B-carboline-4-carboxylate, hydrochloride, 158. 

1 1 


Bel 
C,,H,,0O,.N 2:5-Dimethyl 3:6-anhydroglucose anilide, 95. 
C,,H,,0,N N-Benzoyl aes ne ~ tna tere ag 49. 
,Au, Tetraethylsaccharatodigold, 108. 
C,.H3,0,8 Bis-yy-diethoxypropy] sulphide, 407. 


14IV 
C,,H,NCIS e-Chlmsethionnahhintals, 190. 
C,,.H,O,NS Nitro-2-methylthioxanthones, 749. 
C,,H,O,NS Nitro-2-methylthioxanthone dioxides, 750. 
C,,H,,0,NS Nitro-2-methylthioxanthens, 749. 
C,,H,,0,NS Nitro-2-(p-tolylthio)benzaldehydes, 748. 
C,.H,,0,NS 5-Nitro-2-(p-tolylthio)benzoic acid, 749. 
C,,H,,0,NS Nitro-(p-toluenseul honyl)benzoic acids, 749. 
C,H, Bromotolyl ciisochomert ethers, 273. 
C,,H,,OBrF ae m-fluorobenzyl ethers, 274. 
C,,H,,0,NBr Bromotolyl nitrobenzyl ethers, 274. 
C,,H,,0,N.8 Nitro-2-(p-tolylthio)benzaldoximes, 749. 
C,,H,;0,CIS 2-Chloro-6-methoxy-4’-methyldiphenylsulphone, 726. 
C,,H,,0,NS 2-Amino-6-methoxy-4’-methyldiphenylsulphone, 726. 
Benzenesulphonamido-f-phenylethy] alcohols, 656. 


14V 
\  ©,,H,,0,.N,CIS 5-Chloro-3-hydroxy-1-thionaphthen 1:1-dioxide phenylhydrazone, 190. 


C,, Group. 
C,;H,,0, 6:7-Dimethoxy-3-methylnaphthalene-1:2-dicarboxylic anhydride, 719. 
C,;H,,0, droxy-y-2-naphthylvalerolactone, 381. 


y-H 
y-2-Naphth: 1M annkenio acid, 382. 
C,,H,,0, 4-Methoxy-3’-keto-6-methoxy-1:2-cyclopentenonaphthalene, 400. 
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15 1—16 I Formula Index. 


C,;H,,0, 5-Acetoxy-7-methyl-3:4-cyclopentenocoumarin, 172. : 

C,,;H,,0, 5:6-Dimethoxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic anhydride, 720. 
‘6:7- Dimethoxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic anhydride, 719. 

C,;H,,.N, NN’-Diphenyl-N-methylacetamidine, 785. 

C,;H,,0, 5-Hydroxy-2:2:7-trimethyl-3:4-cyclopenteno-4*-chromen, 172. 
2-Keto-4-furyl-10-methyl-4?*-octalin, 469. 

C,,H,,0, 5-Hydroxy-4-methyl-7-n-amylcoumarin, 171. 

‘C,;H,,.0, ay-Diethylallyl hydrogen phthalates, 318. 

C,;H..0 1-Furyl-9-methyldecalin, 469. 

C,;H,,0 Eremophilol, 67. 


15 OI 
C,;H:,0.N, 2:8-Diformamidoacridine, 124. 
C,;H,,0,Cl 3:7:8:3’:4’-Pentahydroxyflavylium chloride, 661. 
1sH,,0,N, p-Nitrobenzeneazo-N-methyloxindole, 622. 
C,;H,,0,N, p-Nitrobenzyl nitrotoluates, 117. 
15H,,;0C], 2:4-Dichloro-3:5-dimethylphenyl chlorobenzyl] ethers, 275. 
C,;H,,0,Br £-5-Bromo-6-methoxy-2-naphthoylpropionic acid, 571. 
15H,,0Cl, 2:4-Dichloro-3:5-dimethylphenyl benzyl ether, 275. 
C,;H,,OBr 3-Bromo-p-tolyl p-methylbenzyl ether, 273. 
C,;H,,0,N o0-Benzamido-f-phenylethyl alcohol, 288. 
N-Benzoyl-p-amino-8-phenylethyl alcohol, 656. 
C,;H,,0,N 4-Methoxy-3’-keto-6-methoxy-1:2-cyclopentenonaphthalene oxime, 400. 
3-Nitro-p-tolyl p-methylbenzyl ether, 274. 
1-y-Ketobutyl-2-naphthol semicarbazone, 588. 
Ethyl] 1-benzoylpiperidine-4-carboxylate, 45. 
4:7-Diketo-7-p-methoxyphenylheptoic acid semicarbazone, 399. 
Ethyl N-benzoyl glucosamate, 49. 
1: & , Tetrabromoeremophilone, 66. 
C,;H.,0,N, Ethyl 3-keto-4-methyl-4*!°-octalin-9-carboxylate semicarbazone, 589. 
C,;H.,0;N 3:4:6-Trimethyl mannose anilide, 841. 


15 IV 


C,;H,,0CIF 2:4-Dichloro-3:5-dimethylphenyl m-fluorobenzyl ether, 275. 

C,;H,,0C1,Br 2:4-Dichloro-3:5-dimethylphenyl p-bromobenzy] ether, 275. 

C,;H,,0.N,8 2-(p-Aminobenzenesulphonamido)quinoline, and its sodium salt, 11. 
1-(p-Aminobenzenesulphonamido)isoquinoline, 12. 
p-Quinolylaminobenzenesulphonamides, 12. 

C,;H,,0;NCl, 2:4-Dichloro-3:5-dimethylphenyl nitrobenzyl ethers, 275. 

C,,H,,ONC] o-Benzamido-f-phenylethyl chloride, 659. 

C,;H,,OCIBr 3-Bromo-p-ethylphenyl p-chlorobenzyl ether, 362. 

C,;H,,0,NBr 3-Bromo-p-ethylphenyl nitrobenzyl ethers, 362. 

C,,H,,0.NS p-Toluenesulphonylindoline, 288. 


C,, Group. 
CisH,, 9:10-Dimethyl-9:10-dihydroanthracene, 20. 


161 

C,.H,.0, «f8-Methylenedioxy-8-benzoyl-a-phenylethylene, 349. 
C.eH,.I, 1:4-Bis-o-iodophenyl-4!*-butadiene, 489. 

16H,,0, 3-(6’-Hydroxy-2’-naphthyl)-2-methyl-4*-cyclopenten-l-one, 571. 
C,eH,,0, 4-Acetoxy-3’-keto-6-methoxy-1:2-cyclopentenonaphthalene, 400. 

16H N, Py ce em 630. 
C,.H,,0, 3-(6’-Hydroxy-2’-naphthyl)-2-methylcyclopentan-1l-one, 571. 
C,.H,,0, 1-y-Ketobutyl-2-naphthyl acetate, 589. 

16H;,0, 6:7-Methylenedioxy-3-propyltetrahydronaphthalene-1:2-dicarboxylic anhydride, 720. 

1644;,0, 1:3-Di-p-hydroxyphenyl-2-methylpropane, 674. 

16,0, 5-Hydroxy-5’-methyl-7-ethyl-3:4-cyclohexenocoumarin, 828. 
C,<H,,0, 6-Methoxy-7-ethoxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic anhydride, 720. 
CisH,.N. N-Tolyl-N’-p-tolylacetamidines, 785. 

16H290, 1-Keto-7-methoxy-2-methyloctahydrophenanthrene, 469. 

16H290, 2:6-Di-a-furyleyclohexanol, 569. 

4”:6’- Dihydroxy-2:2:5’-trimethy]-3’:4’:5’:6’-tetrahydrodibenzopyran, 829. 
Methoxy-3’-(carboxymethyl)tetrahydrocyclopentenonaphthalene, 403. 

CicH.0, 6-Methoxy-7-ethoxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic acid, 720. 
C,.H,,0, Tetrahydro-2:6-di-a-furylcyclohexanol, 569. . 
C,.H,,0, 2-Keto-7-methoxy-12-methyl-4'"!-dodecahydrophenanthrene, 392. 


16 Oi 
C,.H,,0.N, piatadign. 629. ° 
C,.H,N.S, Dithio-f-iscindigo, 625, 630, 637. 
C,,H,,N,Cl 6-Chloro-2:4-diphenylpyrimidine, 328. 
1eHi2N,S., Diaminodithio-B-isoindigo, 640. 
C,,.H,,0,N 4-Cyano-4’-methoxydioxybenzoin, 746. 
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Formula Index. 


C,,.H,,0,C1 7:8-Dihydroxy-4’-methoxyflavylium chloride, 661. 
Cull 2:4-Dichloro-3:5-dimethylpheny] p-methylbenzyl ether, 275. 
/OBr 3-Bromo-p-ethylphenyl _— ether, 362. 


N aye iy 4:6- Seoiions parte «da 51. 
2 2:4-Dichloro-3:5-dimethylphenyl octyl ether, 275. 
C,,.H.,0,Au, Tetraethyl-n- and -iso-phthalatodigold, 108. 
Tetraethylterephthalatodigold, 108. 
C,,H.,ON, 2-Keto-12-methyl-4!1!-dodecahydro sshonenthgene semicarbazone, 388. 
C,,.H.,0;N 2:3:4:6- Tetramethyl dl-galactose anilide, 130 


16 IV 
CoH 0.8 Br, 6:6’-Dibromo-f-isoindigo, 636. 
C,,.H,N.S.Cd Cadmium dithio-f-isoindigo, 628. 
C,.H,N,S,Cu Cupric dithio-B-isoindigo, 628. 
C,.H.N Mercuric dithio-B-isoindigo, 628. 
C,.H,0 2Br 1-Bromo-3-phthalimidylisoindolenine, 635. 
C,.H,,N.CIS 8-Chloro-1-phenyl-3-methyl]-4:5-thionaphthenopyrazole, 189. 
6H,,0,N.S. 4:4’-Dinitrodiphenoylthiourea, 284. 
CoH <ONA8 p-(2’-Pyridylamino) benzenesulphon-2’-pyridylamide, 14. 
C,,H,,0 2N.S: ‘edeneibioee, 284. 
C..H.,0,N. 3:5-Dinitrobenzoyl-o-methylthio-B-phenylethyl alcohol, 657. 
p-Nitrobenzoyl-o-methylthio-8-phenylethy] alcohol, 657. 
C..H,,ONCI B-Chloro-f-nitroso-a8-diphenyl butane, 603. 
3-Bromo-p-n-propylpheny] nitrobenzyl] ethers, 363. 
C.,H,,0,NAu, Tetraethyl-3-nitrophthalatodigold, 108. 


16V 
C,.H,,0N.CIS 8-Chloro-1-phenyl-3-methyl-4:5-thionaphthenopyrazole hydrasone, 189, 


C,, Group. 


C,,H,,0; gree Bree ae oe oa emma 396. 
1-o-Aminobenzylnaphthalene, 352. 
C,,H,.0 3’-Keto-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 573. 
2- ey 7-methyltetral-l-one, 112. 
Guid s {we syltetral-l-one, 112. 
C,,H,.0, 3-Hydroxy-3-(6’-methoxy-2’-naphthyl)cyclopentane-1-carboxylactone, 382. 
3-B-Naphthylcyclopentan-l-one-2-acetic hydroxylactone, 568. 
7H,,0, «-3:4-Methylenedioxyphenyl-y-phenylbutyric acid, 112. 
4. “agen -keto-6-methoxy-1: 2-cyclopentenonaphthalene, 400. 
C,,H,.N. iphenyl-2-ethylglyoxaline, 281. 
C,,H,,0 a- ~p-Anisy 1-y-phenylbutyric acid, 112. 
3-(6’- Methoxy-2 -naphthy )-2-methyleyclopentan-1-one, 571. 
C,,H,,0, 6”-Hydroxy-2:2:5':4”-tetramethyldibenzopyran, 140. 
S Nieat-o-n tebetbateste acid, 112. 
C,,H,,0 3-Hydroxyhexahydro-1:2-cyclopentenophenanthrene, 379. 
Ci oHlae 0, 5-Hydroxy-7-n-amyl-3:4-cyclopentenocoumarin, 172. ” 
C,,H,,.0, Dimethoxy(carboxy methyijitrahydroc 171. 


171m 


Que apoChlorodihydroxyketocyclopentenophenanthrene, 396. 
C,,H,,0.N, Anhydrophthalimide-N-methyloxindole, 621. 
2:3- Mithylonediony 10-mothylqainindoline, 623. 
C,,H,,.N.8, S-Methyldithio-f-:soindigo, 634. 
CE Cl 6- Chloro-2: 4-diphenyl-5-methylpyrimidine, 329. 
C,,H,,ON, 6-Hydroxy-2:4-diphenyl-5-methylpyrimidine, 329. 
a : OF NN. 3-6” -Aminopiperonylidene-N -methyloxindole, 622. 
C,,H,,0,.Br 3-(5’-Bromo-6’-methoxy-2’-na hthyl). 2- methyl-A*-cyclopenten-1 -one, 571. 
3-Vanillylidene-N-methyloxindole, 622. 
3-Methy] glucosamine, and its paar 50. 
. a ltetral- ene ae oxime, 112 
-(5’-Chloro-6’-methoxy-2 *naphth 1)-2-methyleyclopentan-l-one, 572. 
6-Chlorothymy] j 2 -chlorobenzy] ether, 364. <5 ita 
3-Bromo-p-tert.-butylphenyl p-bromobenzyl ether, 363. 
C,,H;,0.8 3-Keto-7-hydroxyocta tai” :3’:1:2)phenanthrene, 407. 
3 
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17 IM—18 m1 Formula Index. 


C,,H,,0.N, Hydratropaldehyde mandelohydrazones, 652. 
7H,,0Cl 6-Chlorothymy] benzyl ether, 364. 
C,,H,,OBr 3-Bromo-p-tert.-butylphenyl benzyl ether, 363. — 
6-Bromothymy] benzyl ether, 364. 
C,,H,,0,N 3-Nitro-p-tert.-butylphenyl benzyl ether, 363. 
C,,H,,0,N, 1-Methyl-2-decalone 2:4-dinitrophenylhydrazone, 388. 
17H,30,N N-Acetyl 4:6-benzylidene 3-methyl a-methylglucosaminide, 51. 


17 Wi 
C,,H,,0,NS Nitro-1:2-benzthioxanthens, 750. 
C,,H,,0,NS 4-Nitro-2-(8-naphthylthio)benzaldehyde, 749. 
a S-Methylthio-B-isoindigo, 629. 
C,,H,,0,N,8 2-(p-Acetamidobenzenesulphonamido)quinoline, 11. 
C,,H,,0,N,8 1-(p-Acetamidobenzenesulphonamido)isoquinoline, 12. 
17g 3-Bromo-p-tert.-butylphenyl p-chlorobenzyl ether, 363. 
6-Bromothymy] p-chlorobenzyl ether, 364. 
ee Var. Peemebenage ether, 364. 
C,,H,,0;NCl 6-Chlorothymy] o-nitrobenzyl ether, 364. 
C,,H,,0,NBr 3-Bromo-p-tert.-butylphenyl nitrobenzyl ethers, 363. 
6-Bromothymy] o-nitrobenzyl ether, 364. 
3-Nitro-p-tert.-butylphenyl p-bromobenzy] ether, 363. 


ARR tema momen, 


C,, Group. 


C,.H,, 9-Methyl-1:2-benzfluorene, 538. 

C,H; Se i Iphenanthrene, 70. 

C,sH.. Octahydrotriphenylene, 17. 
1:2:9:10-Tetramethyl]-9:10-dihydroanthracene, 19. 


180 


C,.H. 2-Hydroxytriphenylene, 18. 
Filet i-oe bewieemere 311. 
120, 4:4’-Dimethyl-7:8:8’:7’-coumarinocoumarin, 390. 
C,.H,,0 9-Methyl-1:2-benzfluoren-9-ol, 538. 
C,,H,,0, 1-PhenylmethylInaphthalene-2’-carboxylic acids, 311. 
C,sH,,0, 5-Methoxy-2-piperonylidene-a-hydrindone, 574. 
Cone 1-Methyl-6-is Ce een ago 70. 


<= Ge RS ing ES Bee Soe Rte OR nerd tartan er” 


1sH,;60, 4-Hydroxy-3’-keto-7-methoxy-9:10-dihydro-1:2-cyclopentenophenanthrene, 397. 
C,.H,.N, N-Phenyl-N’-8-naphthylacetamidine, 785.- 
C,sH,,0, 2-p-Anisyl-7-methyltetral-l-one, 112. 
18H,,0, 4:6-Dimethoxy-1:2-cyclopentadienonaphthalene-3’-a-ethylcarboxylic acid, 402. 
a-3:4-Methylenedioxyphenyl-y-p-tolylbutyric acid, 112. 
B-p-Toluoyl-a-p-anisylpropionic acid, 111. 
3:4:3’-Trimethoxychalkone, 581. 
C,sH,,0, 4:4’-Dimethoxydesylacetic acid, 578. 
C,sH,,.N, 4:5-Diphenyl-2-isopropylglyoxaline, 281. 
C,,H.,O0 3’ Hydroxy.3’-methyl.1 :2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 575. 
C,.H.,0, 4:6-Dimethoxy-3’-isopropylidene-1:2-cyclopentenonaphthalene, 402. 
sH,0, a-p-Anisyl-y-p-tolylbutyric acid, 112. 
1:3-Di-p-methoxyphenyl-2-methylpropan-1l-one, 674. 
C,sH..0, Methyl 5-o-veratryl-3:6-methylene-4'-cyclohexene-4-oxalate, 722. 
C,,H,,0, 1:3-Di-p-methoxyphenyl-2*methylpropane, 674. 
5- ydroxy-7-n-amyl-3:4-cyclohexenocoumarin, 171. 
oD yg OM epee oe mnt :2-cyclopentenophenanthrene, 380. 
C,,H,,0, Ethyl ee ee 718. 
C,sH,,0 1-Phenyl-2-cyclohexenylcyclohexanol, 16. 
C,,H,,0, 6”-Hydroxy-2:2:5’-trimethyl-4” -ethyl-3’:4’:5’:6’ yt 9 ae dg 828. 
sH,,0, J-Menthyl benzoylformate, mutarotation of, in ethyl-alcoholic solution, 538. 
C,sH..0, Ethyl 2-keto-12-methyl-41!1-dodecahydrophenanthrene-7-carboxylate, 393. 
C,.H,.0, Ethyl 4-carbethoxy-3-methyl-4*-cyclohexen-l-one-2:6-diacetate, 584. 


18 
C,.H,,ON, 4-Keto-1-(1’-naphthyl)-3:4-dihydrophthalazine, 351. 
C,.H,,0,C1 8-Chloro-4-hydroxy-3’-keto-7-methoxy-1:2-cyclopentenophenanthrene, 396. 
Furfurylidene-5-chloro-6-methoxy-2-acetonaphthone, 395. 
(,,H,,ON, 2-Methoxy-1-naphthyleyanomethylpyridinium enimine-betaine, 505. 
CisH;,0,N, pp’-Dimethoxydiphenylmaleonitrile, 506. 
C,,H,.N. 88’-Dimethyldithio-p-seoindigo, 628. 
C,.H,;0,Cl 8-Chloro-4-hydroxy-3’-keto-7-methoxy-9:10-dihydro-1:2-cyclopentenophenanthrene, 397. 
C,.H,,0,C1 3-(5’-Chloro-6’-methoxy-2’-naphthyl)-4*-cyclopenten-1-one-2-acetic acid, 395. 
isN,Cl ee ee 329. 
CisH,,ON, 6-Hydroxy-2:4-diphenyl-5-ethylpyrimidine, 329. 
o-1-Naphthylmethylbenzhydrazide, 351. 
,,H,,0.N, 3-Phenyl-2-methyl-d *.cyclopenten-l-one 2:4-dinitrophenylhydrazone, 570. 
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Formula Index. 18 11I—19 1 


C,,H,,0,N 4-Cyano-4’-methoxy-a-ethyldeoxybenzoin, 746. 
C,.H,,0,C1 4:7-Diketo-7-(5’-chloro-6’-methoxy-2’-naphthyl)heptoic acid, 395. 
C,.H,,ON 3-p-Dimethylaminobenzylidene-N-methyloxindole, 622. 
1sH,,0,N, 5-Nitro-2-piperidinobenzophenone, 749. 

C,,.H,.0,N, 3-Phenyl-2-methylcyclopentan-l-one 2:4-dinitrophenylhydrazone, 570. 
C,,H,,0,H Tetrahydrofurfuryl p-xenylurethane, 315. 
C,,H.,0.8 3-Keto-7-methoxyoctahydrothiopyrano(4’:3’:1:2)phenanthrene-a, 407. 
C,.H. 0,8 3-Keto-7-methoxyoctahydrothiopyrano(4’:3’:1:2)phenanthrene dioxide, 408. 
C,,H,,0Cl 6-Chlorothymyl p-methylbenzy] ether, 364. 
C,,H.,OBr 3-Bromo-p-tert.-amylphenyl benzyl ether, 363. 

3-Bromo-p-tert.-butylphenyl p-methylbenzyl ether, 363. 

5-Bromo-o-tolyl p-tert.-butylbenzyl ether, 274. 
C,,H,,0,8 3-Keto-7-methoxydecahydrothiopyrano(4’:3’:1:2)phenanthrene, 408. 
C,.H.,0.8 3-Hydroxy-7-methoxydecahydrothiopyrano(4’:3’:1:2)phenanthrene, 408. 
C,,H,,ON 3-Amino-7-methoxyoctahydro-1:2-cyclopentenophenanthrene, and its hydrochloride, 379. 
C,,H,,0,.N, Palmitoylglycineamide, 564. 


18 IV 
C,,.H,,ON.S S-Ethylthio-f-isoindigo, 629. 
en oe dibromide, 636. 
2-Methoxy-1-naphthylcyanomethylpyridinium chloride, 505. 
¥. Sueno <atheay®’ caghthneslegeidinians bromide, 570. 
A ere ee p-chlorobenzyl ether, 363. 
C,,H..0,NBr 3-Bromo-p-tert.-amylphenyl nitrobenzyl ethers, 363. 


C,,H.,.O,N.S Nitropiperidino-4’-methyldiphenylsulphones, 726. 
C, Dihydrothionaphthenmethylsulphonium chloroplatinate, 657. 
C,,H,,0,N,8 3-Keto-7-methoxydecahydrothiopyrano(4’:3’:1:2)phenanthrene semicarbazone, 408. 


18V 
C,.H,,0,N,SAu, 2:2’-Dipyridyltetraethylsulphatodigold, 107. 


C,, Group. 
C,,H.. 2-Methyloctahydrotriphenylene, 17.: 


190 
C,,H,,0, 4:5-Methylenedioxychrysene, 501. 
C,,H,,O Methoxytriphenylenes, 15. 

3-Phenylbenzophenone, 481. 

C,,H,,0 Phenylbenzhydrol, 480. 

1-Phenylmethylacetylnaphthalene, 537. 

C,,H,,0, 6-Methoxy-2-piperonylidene-a-tetralone, 573. 
4:7-Dimethoxy-1:2-cyclopentenophenanthrene, 574. 
z-Norequilenin acetate, 572. 
3-B-Naphthylcyclopentan-1-one-2-acetic acid acetate, 569. 
4-Hydroxy-4’-acetyl-a-methyl-8-ethylstilbene, 747. 
6:7-Dimethoxy-2-amyl-3:4-dihydronaphthalene, 580. 

a , 4:6-Dimethoxy-3’-(carbethoxymethylene)-1:2-cyclopentenonaphthalene, 402. 
1-Keto-6:7-dimethoxy-2-anisyl-1:2:3:4-tetrahydronaphthalene, 580. 
1-Keto-6:3’:4’-trimethoxy-2-phenyl-1:2:3:4-tetrahydronaphthalene, 582. 

Methyl 3-(6’-methoxy-2’-naphthyl)cyclopentan-1-one-2-acetate, 575. 

C,,H20, -Veratroyl-a-anisylpropionic acid, 579. 

C,,H..0 Methoxyoctahydrotriphenylenes, 17. 

C,,H..0, 5-Acetoxy-7-n-amyl-3:4-cyclopentenocoumarin, 172. 

6:7-Dimethoxy-2-anisyl-a-tetralol, 580. 

C,,H..0, a-Anisyl-8-veratrylpropionic acid, 579. 

y-m- ee el henylbutyric acid, 581. 

Octa wdo-1:h-egulepentuntehangatinnns-2 gentle acid, 383. 
SS es ee erent 171. 

6-Hydroxy-5’-met yl-7-isoamyl-3:4-cyclohexenocoumarin, 828. 

C,,H..0, ee ee yl-7-n-amyl-3:4-cyclopenteno-4*-chromen, 172. 

C,,H,,0, 4:6-Dimethoxy-3’-(carbethoxymethyl)tetrahydro-1:2-cyclopentenonaphthalene, 403. 

C,,H,,0, Ethyl 6:7-dimethoxy-3-methyltetrah a gui amet ate, 719. 

C,,H,,0 2:6-Dimethyl-1-8-p-cuminylethyicyclo. ol, 69. 


19 Oi 


C,,.H,,0,C1 apoChloroketodimethoxycyclopentenophenanthrene, 396. 
8-Chloro-3’- eto-4:7-dimethoxy-1:2-cyclopentenophenanthrene, 3964. 

C,,.H,,N,Br Phenyl-p-bromophenylformazylbenzenes, isomeric, 823. 
6-Chloro-2:4-diphenyl-5-n-propylpyrimidine, 330. 
6-Hydroxy-2:4-diphenyl-5-n-pro viaysenldine, 330. 

C,,H,,0,N, 2-Phenyl-3-methyl-2:3:4:5-tetrahydro-f-carboline-4-carboxylic acid, 159. 

C,,H,,0,N, Ethyl N-methyloxindole-3-oxalate phenylhydrazone, 622. 
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19 1m1—20 I Formula Index. 


C,,H,,0,N y-Keto-a-cyano-a-anisy]-y-3:4-dimethoxyphenylpropane, 579. 
B-m-Methoxy benzoyl-a-3:4-dimethoxyphenylpropionitrile, 581. 
C,,H,,0,Br Ethyl 5-bromo-6-methoxy-2-naphthacyl acetoacetate, 570. 
C,,.H,,ON, 5-Ethinylruban-5-ol, 476. 
C,,H.,0 N B-m-Methoxybenzoyl-a-3:4-dimethoxyphenylpropionamide, 581. 
B-Veratroyl-a-anisylpropionamide, 579. 
1 4 Anhydrogalactose phenylmethylphenylosazone, 753. 
Glucose phenylphenylmethylosazone anhydride, 754. 
C,,H..0,N, 3-Keto-octahydro-1:2-cyclopentenonaphthalene dinitrophenylhydrazone, 380. 
C,,H,,0Br 3-Bromo-p-tert.-amylphenyl p-methylbenzyl ether, 363. 
C,,H.,0.N, 2-Keto-4-furyl-10-methyldecalin semicarbazone, 469. 
C,,H.,0.N, Niquine, and its salts, 79. 
C,oH,,0,8 3-Keto-7-methoxy-2-methyloctahydrothiopyrano(4’:3’:1:2)phenanthrene, 408. 
C,,H.,O,N, Galactose phenylmethylphenylosazone, 753. 
C,,.H.,0,N, Nitrosodihydroniquine, 81. 
C,H. ON, Dihydroniquidine, and its hydrochloride, 82. 
Dihy roniquine, and its salts, 81. 


19 IV 
C,,oH,,0,N,Cl 5-Chloro-6-methoxy-2-acetonaphthone 2:4-dinitrophenylhydrazone, 395. 


C,, Group. 
CooH,, a-Phenyl-f-1-naphthyl-of-dimethylethylene, 537. 


20 II 
2-Acetoxytriphenylene, 18. 
2:5-Diphenyldihydroterephthalonitrile, 506. 
9:10-Dimethy]l-9:10-dihydro-1:2-benzanthracene 9:10-oxide, 20. 
B-(B-Naphthoyl)-a-phenylpropionic acid, 111. 
4-Methoxy-3’-ethyl-4*’-1:2-cyclopentenophenanthrene, 383. 
4-Methoxy-1:2-cyclopentenophenanthrene-3’-acetic acid, 383. 
y-Phenyl-f-1-na ee 9 537. 
¢-pdvenn-tp-taladiading actone, 578. 
CooH,,0, 4-Hydroxy-4’-acetyl-af-diethylstilbene, 747. 
4-Methoxy-4’-acetyl-a-methyl--ethylstilbene, 747. 
4-Methoxy-4’-carboxy-af-diethylstilbene, 746. : 
4:6-Dimethoxy-3’-(a-carbethoxyethyl)-1:2-cyclopentadienonaphthalene, 402, 
Ethyl 4:4’-dimethoxydesylacetate, 577. 
Pedicellin, 662. 
2:3:4:5:6-Pentamethoxydibenzoylmethane, 669. 
20H4O, 5-Acetoxy-7-n-amyl-3:4-cyclohexenocoumarin, 171. 
3-Anisyl-4-p-carboxyphenylhexan-3-ol, 746. 
C..H.,0; Methyl a-anisyl-8-veratrylpropionate, 579. 
Methyl o-as-ensthemrphsent-o tek bartnoneuhen Ibutyrate, 581. 
C.oH..0; @Siydoony-t) -ncthgt 9-techaunt Sel cachcbansmnentmestes 829. 
CoH,,0, 6”-Hydroxy-2:2-dimethyl-4”-n-amyl-3’:4’:5’:6’-tetrahydrodibenzopyran, !71. 
5-Hydroxy-14-methoxy-3-methyldodecahy ochrysene, 469. 
C..H.,0, Ethyl 6-methoxy-7-ethoxy-3-methyltetrahydronaphthalene-1:2-dicarboxylate, 720. 


20 I 


C.oH;;0 2-Nitro-4:5-methylenedioxy-a-1’-naphthylcinnamic acid, 501. 
C.oH,,ON -(8-Naphthoyl)-a-phenylpropionitrile, 111. 
C.oH,,;0,N N-Phenyldiphenamic acid, 283. : 
C.oH,;0,N 2-Amino-4:5-methylenedioxy-a-1’-naphthylcinnamic acid, 501. 
130,Cl 8-Chloro-3’-keto-4-acetoxy-7-methoxy-1:2-cyclopentenophenanthrene, 395. 
C..H,,0.Br, §8-Naphthyl af-dibromo-f-p-anisylethy] ketone, 111. : 
C.oH,,0,N 6:7-Methylenedioxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic phenylimide, 718. 
S8’-Diethyldithio-B-isoindigo, 629. 
w-1-Naphthyl-o-tolylurethane, 352. 
3’-Keto-7-methoxy-4-ethoxy-1:2-cyclopentenophenanthrene oxime, 575. 
4:7-Diketo-7-p-methoxyphenylheptoic acid 2:4-dinitrophenylhydrazone, 399. 
Ethyl §-5-chinee-6-cnstheny-)-naphthnas’ ropionylacetate, 572. 
Ethyl $-5-heeens-4-ansthanrp-5-eaghthoapipuanienpincsinte, 571. 
3-Anisyl-4-p-cyanophenylhexan-3-ol, 746. 
6-Keto-5-mneth 1-7:8-dihydrocyclopentanonaphthalene 2:4-dinitrophenylhydrazone, 588. 
N-Methyldihydroniquine, 81. 
330,N, Palmitolyglycylglycine, 565. 
C.oH;,0,N, Palmitoylglycylglycinamide, 565. 
C.oH,,0.N, Stearoylglycinamide, 565. 





Formula Index. “90 1v—281 


20 IV 

C.,.H 7-Nitro-9-pheny]-2-methylthioxanthen, 750. 
oon ONS 7.Nitro.9-pheny1.2-methylthioxanthhydrol, 750. 

5-Nitro-2-(p-tolylthio) benzophenone, 749. 
C.oH,,0,NC1 8-C en Aa Ha ie = emma oxime, 396. 
C.oH,,0,C1S, 3-Chloro-2-p-tolylthio-4’-methyldiphenylsulphone, 726. — 
C..H,,0,C18S, 2:3-Di-p-to 9 oe ame a 726. 
C..H,.N,BrIl 6-Bromo-2-m-dimethylaminostyrylquinoline methiodide, 144. 
C..N,,0,N,S Bis-y-hydroxypropy] sulphide, 406. 


C,, Group. 
C,,H,, Dibenzfiuorenes, 682. 
C,,H,. a-Phenyl-f-1-naphthylmethylethylethylenes, 537. 


210 
C.,H,,0 1:2:8:9-Dibenzanthrone, 683. 
‘Dibensflucrenones, 674, 682. 
1:2:5:6-Dibenzfluorenone, 538. 


hy! yclopentan-1-one-2-acetic acid, 575. 
o-1-naphthylacetic acid, 580. 


a / 6. 
-Hy 24:5’: 
6”-Hydroxy-2:2:5’-trimethyl-4” -isoamy]-3’:4’:5’: 


21 
C,,H,,ON 3:4:5-Dibenzfluorenone oxime, 683. 
2-o0-Nitrophenyl-4:5:9’:10’-phenanthriminazole, 282. 
Dinitrokyaphenines, 281. 
6’-Hydroxy-4-methyl]-7:8-benzocoumarin p-nitrobenzoate, 390. 
Tri-p-chlorolophine, 281. 
Nitrokyaphenines, 280. 
2-m-Nitropheny]-4-p-nitrophenyl-5-phenylglyoxaline, 282. 
ye Ar a henylglyoxalines, 282. 
2-0-Hydroxypheny]-4-p-nitrophenyl-5-phenylglyoxaline, 282. 
2-o- Hydroxypheny]1-4:5-di heavighpenniine, 281. 
C.,H,,0,N B-(B-Naphthoyl)-a-p-anisylpropionitrile, 111. 
Cul 7O.N N-Phenyl-N-methyldiphenamic acid, 283. 
C,,H,,ON 1:2:5:6-Dibenzfluorene oxime, 684. 
C,,H,,0,.N, ey time 9 pete -methyloxindole, 623. 
C,;H.,0,N, 2:8-Dibutyramidoacridine, 124. 
C,,H,,0,N 6:7-Dimet: oxy-3-methyltetrahydronaphthalene-1:2-dicarboxylic phenylimide, 719. 
2-m-Dimethylaminostyryl-6-methylquinoline methiodide, 144. 
C,,H,,0,N ee, eee yldiphenylmethane, 499. 
2 Yohimbine, constitution of, 153. 
C,,H,,0,N, Palmitoylglycylglycine methyl ester, 565. 


21 IV 
ON Cl, Dinitrotri-p-chlorokyaphenine, 281. 
OHO Bo ie tout tp dinatinnttoeonee 187. 
C.,H, a-B’-Cyano-a’-p-c 
at te 6-p-Acetamidobenzenesulphonamido-2-pyridy! p-acetamidobenzenesulphonate, 292. 
C2H,,0 6-Methoxy-2-m-dimethylaminostyrylquinoline methiodide, 145. 


ee ene acid, 187. 
y! P 


. C,, Group. 


C,,.H,, «-1-Naphthyl-8-2-naphthylethylene, 536. 

C.,H,, «-Phenyl-8-2-naphthyl-af-diethylethylene, 537. 

Cy,H,, 2:2:11:11-Tetramethylhexahydrochrysene-a, 578. 
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Formula Index. 


22 II 
2:2’-Dinaphthyl-3:3’-dicarboxylic acid, 682. 
ae seme lin ee cary te lene, 504. 
2:4:6-Triphenyl-2-methyl-1:2-dihydro-1:3:5-triazine, and its salts, 328. 
5:14-Dimethoxy-2:11-dimethylchrysene, and its picrate, 578. 
Ethyl 4-methoxy-1:2-cyclopentenophenanthrylidene-3’-acetate, 383. 
4-Keto-6:7-dimethoxy-1-veratryl-2-methylene-1:2:3:4-tetrahydronaphthalene-2-carboxylic acid, 


6:7-Dimethoxy-2-anisy]-1-allyl-3:4-dihydronaphthalene, 580. 
6:7-Dimethoxy-2-anisyl-1-acetonylidene-1:2:3:4-tetrahydronaphthalene, 581. 

6:7- Dimethoxy-2-anisyl-1-acetonyl-1:2:3:4-tetrahydronaphthalene, 581. 
4:5-Diphenyl-2:7-dimethyloctane-2:7-diol-a, 578. 

Ethyl 7-methoxyoctahydro-1:2-cyclopentenophenanthrene-3’-acetate, 385. 
6”-Hydroxy-2:2:5’-trimethyl-4”-1sohexy1-3’:4’:5’:6’-tetrahydrodibenzopyran, 829. 


22 I 
a 6:7:6’:7’- Dibenz-B-isoindigo, 639. 
C..H,,0ON, Phenylimino-f-isoindigo, 635. 
C.2H, .N. PW Re ee imine, 635. 
C..H,,ON, f-isolndigophenylhydrazone, 639. . 
C..H,,0,N, 4:4’-Dinitro-2-2”:4’-dimethylbenzoyldiphenyl-2’-carboxylic acid, 284. 
C..H,.N,S Thio-B-isoindigophenylhydrazone, 635. 
4-Cyano-4’-methoxydeoxybenzoin 2:4-dinitrophenylhydrazone, 746. 
2-p-Methoxypheny]-4:5-diphenylglyoxaline, 281. 
Benzoin mandelohydrazones, 647. 
3’-Acetamido-7-methoxy-4-ethoxy-1:2-cyclopentenophenanthrene, 575. 
2-Keto-5:14:15-trimethoxyhexahydrochrysene semicarbazone, 581. 
Ethyl N-benzoyl 4:6-benzylidene glucosamate, 49. 
Acetone anhydroglucose phenylphenylmethylosazone, 754. 
Eremophilol 3:5-dinitrobenzoate, 67. 
isoPropylideneniquine, 80. 
Palmitoyldiglycylglycine, 565. 
C..H, Stearoylglycylglycine, 565. 
C..H,,0,N, Stearoylglycylglycinamide, 565. 
C..H,,0,Au, Tetraethylmalonatedigold, 108. 


22 IV 
C,,H,,0,N,Br 5-Bromo-6-methoxy-2-naphthacylacetone 2:4-dinitrophenylhydrazone, 571. 


C,, Group. 


aB-Dinaphthylacrylic acids, 536. 
a 329. 
Phenylnaphthylformazylbenzenes, isomeric, 822. 
1:1’-Methylenebis-2-hydroxy-6-methoxynaphthalene, 389. 
1 2:4:6-Triphenyl-1:2-dimethyl-1:2-dihydro-1:3:5-triazine, 328. 
2:4:6-Triphenyl-2-ethy]-1:2-dihydro-1:3:5-triazine, 328. 
C.;H..0, Ethyl 4:7-dimethyl-1:2-cyclopentenophenant idene-3’-acetate, 383. 
ene-3’-acetate, 384. 


23 I 
C.;H,,ON. -Acetamidokyaphenine, 281. 
CoH one Fathyl n-amyltelluroacetate dibenzoate, 71. 
C.,H,,0,N, 4:4’-Dinitro-2-2”:4”:6’-trimethylbenzoyldiphenyl-2’-carboxylic acid, 284. 
C.3H..0,N, 3’-Keto-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene 2:4-dinitrophenylhydrazone, 573. 
O,N, Anhydrogalactose phenylmethylphenylosazone diacetate, 753. 
Anhydroglucosephenylphenylmethylosazone diacetate, 754. 
©,,H.0 2 Stearoylglycylglycine methyl ester, 565. 


23 IV , 


C,;H,,0,N,Br 3-(5’-Bromo-6’-methoxy-2’-naphthy])-2-methyl-4*-cyclopenten-l-one 2:4-dinitrophenyl- 
ydrazone, 571. ; 
C,;H,,ON,I 6-Methoxy-2-m-diethylaminostyrylquinoline methiodide, 145. 
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C,, Group. 

C,,H,,0 9:10-Dimethyl-9:10-dihydro-1:2:5:6-dibenzanthracene 9:10-oxide, and its picrate, 20. 
Methyl dinaphthyldicarboxylates, 682. 
2:2’-Dimethoxy-1:1’-dinaphthylethylene, 504. 
2:4:6-Tripheny]l-5-ethylpyrimidine, 329. 

Trimethylkyaphenines, 280. . 
m-Amino-tri-p-methylkyaphenine, 281. 
2:4:6-Triphenyl-2-n-propyl-1:2-dihydro-1:3:5-triazines, 329. 
6-Keto-14-methoxy-4-furyl-3-methyldecahydrochrysene, 470. 
5:14-Dimethoxy-2:2:11:11-tetramethylhexahydrochrysene-a, 578. 
5 Piperonylbutylcarbinyl ether, 720. 
4:5-Dianisyl-2:7-dimethyloctane-2:7-diol-b, 579. 


24 I 
Quino-4:4’-dinitrodiphenone, 284. 
6:7:6’:7’-Dibenzdithio-f-isoindigo, 639. 
Quinodiphenone, 283. 
Tri-m-nitrotri-p-methylkyaphenine, 281. 
m-Nitrotri-p-methylkyaphenine, 281. 
oe cing Oe ge ee ne 281. 
6”-Hydroxy-2:2:5’:4”-tetramethyldibenzopyran p-nitrobenzoate, 140. 
s f-tsolndigotetra-acetyldihydrazone, 635. 
C.,H.,0,N, 4-Keto-6:7-dimethoxy-1-veratryl-3:3-bishydroxymethyl-1:2:3:4-tetrahydronaphthalene-2- 
carboxylactone semicarbazone, 290. 
C.,H,.N,I af rem rset maa le nammaaen methiodide, 145. 
C.,.H,,0,N, Stearoyldiglycylglycine, 565. on 


C,,H,,0;N,Co Cobaltic benzeneazoacetaldoxime, 824. 


C,, Group. 
C.;Heo ei ee eee 483. 
C,,H,,0, 3’-Keto-7-methoxy-4’-benzylidene-1:2-cyclopentenophenanthrene, 574. 


C,;H,,.N 2-Phenylbenzophenoneanil, 480. . 
3 3 -Keto-4’-piperonylidene-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 573. 
C,,H..N, 2:4:6-Triphenyl-5-n- eo 330. 


C,,H,,N, 2:4:6-Triphenyl-2-n-butyl-1:2-dihydro-1:3:5-triazine, and its salts, 329. 

C,;H,,0, Acetyl-4-keto-6:7-dimethoxy-1-veratryl-3:3-bishydroxymethy]-1:2:3:4-tetrahydronaphthalene-2- 
carboxylactone, 290. 

C,;H,,0, Ethyl 7-benzoyloxy-6-methyltetrahydronaphthalene-1:2-dicarboxylate, 719. 


25 
C,;H,,0,N, 1-Keto-6:7-dimethoxy-2-anisyl-1:2:3:4-tetrahydronaphthalene p-nitrophenylhydrazone, 580. 


25 IV 
C.;H,,ON,S S-Methy]-6:7:6’:7’-dibenzthio-B-isoindigo, 639. 
C,;H,,0,NS, 2:6-Di-p-toluenesulphonylpiperidinobenzene, 726. 


C,, Group. 


C,,H.,0, 3’-Keto-4’-piperonylidene-2-methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 573. 
Cy.H..0, 3’-Keto-7-methoxy-4’-piperonylidene-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 573. 


26 OI 

C,.H,,.0.N, 2:2’-Dimethoxy-1:1’-dinaphthylmaleonitrile, 505. 
CoeHisN Ss SS’-Dimethy]-6:7:6’:7’-dibenzdithio-B-isoindigo, 639. 
CoeH00) 4-Keto-1:2:3:3-tetraphenyldimethylene-1:2-di-imine, 186. 

3 ee ee ee ether, 505. 
C,,.H.,0ON, p-Diphen lacetamidoazobenzene, 187. 
C.~H.,ON, 2:8:2’:8’-Tetra-amino-5:10-dihydrodiacridy] 5:5’-ether, 124. 
C..H,,ON, Bis-2:4:2’:4’-tetra-aminobenzhydryl ether, 487. 


26 IV 
C..H,,0,N,8 Ditosylanhydrogalactose phenylmethylphenylosazone, 753. 


C,, Group. 
C,,H,.N, 3:4:4:5-Tetraphenylpyrazole, 330. 
2 Tetraphenylpyrazolines, 330. 
Pe ee a a 
ne, 573. 
16-Piperonylidene-equilenin methyl ether, 573. .« 
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27 1I—82 Il Formula Index. 


27 Ii 
C,,H,,0,8, 2:6-Di-p-toluenesulphonyl-4’-methyldipheny] sulphide, 726. 
C,,H,,0,N, Galactose oe phenylosazone tetra-acetate, 753. 
Glucose phenylphenylmethylosazone acetate, 754. 
C.,H,,0,N Eicosyl phenylurethane, 347. 


C,, Group. 
C.,H,, Norhederabetulene-III, 559. 


28 
C.sH..N, -isoIndigodiphenylimine, 635. 


28 Ii 
C,,H.,ON, 4-Keto-3:3-diphenyl-1:2-ditolyldimethylene-1:2-di-imines, 186. 
C..H. O.N, 6:7- Dimethoxy-2-anisy]-1-acetonylidene-1:2:3:4-tetrahydronaphthalene 2:4-dinitrophenyl- 
hydrazone, 581. 

28 IV 
C.,H,.N,SCu Copper phthalocyanine, 622. 


C,, Group. 


C,,H,,0 a- and £-Norechinocystenols, 559. 
¢ eo Necks ee 
orlupanol, 760. 
2 50’ 29 IV 


C,,H,,0,N,8 p-Toluenesulphonyl-2:4:6-triphenyl-2-methyl-1:2-dihydro-1:3:5-triazine, 328. 


Cz, Group. 


C3.H..N, 8-isolndigodibenzylidenedihydrazone, 635. 
C,.9H,.0 Dehydrolanostenone, 181. 
C,.H,.0, §-Amyradienonol, 39. 
C;.H,,0 nostenone-B, 175. 
y-Lanostenone, 180. 
C,.H,,0, Lanostenone oxide, 181. 
Oleananic acids, 559. 
CyoHy0, Echinocystic lactone, 559. 
C3o>H,,0 Lanosterol, 172, 176. 
y-Lanosterol, 180. 
y-Lu _ as , 
CyoH;90, Lupenediol, 760. 
C,.H;,0, Lanostenetriol, 181. 
C,.H,,0, Lupanediol, 759. 
%-Taraxastanediol, 183. 
0H 5,0, Lanostenetriol diacetate, 181. 





C,, Group. 


C,:H;,0, Norlupanyl acetate, 760. 


C;, Group. 

C,,H,,0, §-Amyradienony]l acetate, 39. 
C;,H;.0; see see 1 acetate, 38. 
C,,H,,0, nosterol-E acetate, 176. 

y-Lanosteryl acetate, 180. 

y-Lupenyl acetate, 760. : 
C,,H,,0, Lupenediol acetate, 760. 

#-Taraxasteryl acetate oxide, 184. 
C,.H;,0, -Taraxastanediol acetate, 183. 
C,,.H,;,0, Lupanetriol acetate, 761. 











32 I 
C,,H,,0.N, -isolndigodi-p-anisylidenedihydrazone, 635. 
C,,H,,0.N, Cstrone sockansens-4-ensheuytnt, 795. 
C,,H,,0,Br Bromo-f-amyranony] acetate, 319. 
C;:H,,0,Au, Tetra-n-propylsuccinatodigold, 108. 
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~ Formula Index. 
C,, Group. 


CaHO.NSs Anh Imethylphenylosazone di-p-toluenesulphonate, 753. 
itosyl 5 See 1 : , 


ethylosazone, 754. 


C,, Group. 


CyH..0, 4**-Cholestadienyl benzoate, 322. 

C,,H;,0, Echinocystic is tyl-lactone, 559. 
, Lupenediol diacetate, 760. - - 

34 I 

C,,H,,ON, 4-Keto-3:3-diphenyl]-1:2-di-8-naphthyldimethylene-1:2-di-imine, 187. 

C..H,,0,Au, Tetra-n-propylglutara igold, 108. 


C,, Group. 
C,;H;,0,N, Echinocystic isodiacetyl-lactone semicarbazone, 559. 


C,, Group. 
CygH 20, cis-3:4-Dihydroxy-45-cholestene benzoate-acetate, 88. 
C,.H,,0, 3-Benzoyloxyacetoxy-45-cholestenes, 87. 


36 I 
C,,.H,,0,Au, Tetra-n-propyladipatodigold, 108. 


C,, Group. 
C;,H,0, §-Amyradienonyl benzoate, 39. 
C,,H,0; sso-a-Amyrenonyl! benzoate, 319. 
37 I 
C,,H,,0,Br Bromo-a-amyranonyl benzoate, 319. 


C,, Group. 


C,,H,,0 o-Phenylbenzoyldiphenyl-o-diphenylylmethane, 482. 
C,,H,.0, s-Diphenylbenzopinacols, 481. 

38 I 
C,,H,,.N,Co Diphenylformazylbenzene, cobaltous complex, 825, 
eK Cu Diphenylformazylbenzene, — — 826. 


C,.H,.N,Ni Diphenylformazylbenzene, el complex, 825. 
C,.H,,0,Au, Futee a-gatayininsistodige’l, 108. 


38 IV 


C,sH..N,Br,Co Phenyl-p-bromophenylformazylbenzene, cobaltous complex, 825. 
C,.H,,.N,Br,Cu Phenyl-p-bromophenylformazylbenzene, cupric complex, 826. 
C,,H,,.N,Br,Ni Phenyl-p-bromophenylformazylbenzene, nickel complex, 825. 


C,, Group. 
C,,H,,0,N,Co Benzeneazobenzaldoxime, cobaltic complex, 825. 


C,, Group. 


C,.H,,.N,Co Phenyl-p-tolylformazylbenzene, cobaltous complex, 825. 
C.oH,,.N,Cu Phenyl-p-tolylformazylbenzene, —_ complex, 826. 
C,.H,,.N.Ni Phenyl-p-tolylformazylbenzene, nickel complex, 825. 
CooHleeOsAn, Tetra-n-propylsuberatodigold, 108. 


40 IV 
CeolacOa¥.Co Phenyl-p-methoxyphenylformazylbenzene, cobaltous complex, 825. 
~N.Cu Phenyl-p-methoxyphenylformazylbenzene, cupric complex, 826. 
Cat O.NM Phenyl-p-methoxyphenylformazylbenzene, ni complex, 825. 
3P 911 





42 11i—48 IV Formula Index. 
C,. Group. 
C.3H,,0,N, 2:8:2’:8’-Tetrabutyramido-5:10-dihydrodiacridyl] 5:5’-ether, 124. 


42 IV 


Cy2H,o0,N,Co Benzeneazopiperonaldoxime, cobaltic complex, 825. 
C,2H,,0,N,Co Benzeneazo-p-tolualdoxime, —— com sien, 825. 
p-Tolueneazobenzaldoxime, cobaltic complex, 825. 
C,2H,,0,N,Co Benzeneazoanisaldoxime, cobaltic + 825. 


heii : 
bi coed HSM E aes 


ee 


a FBG NT. 


omedle 


C,, Group. 


CysH,,N,Co Phenylnaphthylformazylbenzenes, cobaltous complexes, 825. 
C,eH;,N,Ni Phenylnaphthylformazylbenzenes, nickel complexes, 825. 


C,, Group. 
C,sH,,0,,Au, Tetraethylisophthalatodigold, 108. 
48 IV 
C,sH,,0,,.N,Au, Tetraethyl-4-nitroisophthalatodigold, 108. 





ERRATA. 
VoL., 1939. 


Se Rage ee em ei A tt elemtae 
~ tere ae . ein ais 


For “ [a3 ” read “ [a}3”".” 


: 


‘Vot., 1940. 


1505 For “‘ * -45 g.)” read * ** (0-045 g.).” 
1543 For “a” read “‘ [a]p.’ 


VoL., 1941. 


122 Fig. For ‘‘ Mols. ZnCl,” read “ Mols. ZnCl, per mol. m-phenylenediamine. a 

124 7 ° For “‘ very soluble ”’ read “* very sparingly soluble.” 

487 After “‘ and” insert “‘ treated with sodium amalgam (50 g. ; 2%): followed by.’’ 
558 a (VII) Insert a methyl group in the p-position with respect to OH® 


. 
| 





* From bottom. 
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SYMBOLS FOR THERMODYNAMICAL AND PHYSICO-CHEMICAL 
QUANTITIES AND CONVENTIONS RELATING TO THEIR 
USE, ADOPTED AS RECOMMENDED PRACTICE BY THE 
CHEMICAL SOCIETY. 


(Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former is the first preference.) 


1. To be Printed in Black Italic. 
(Certain important physical constants.) 
Faraday’s constant. 
Mechanical equivalent of heat. 
Avogadro’s number. 
_ constant per mol. 
Rydberg’s constant. 


Velocity of light in vacuo. 


Electronic charge (charge equal and opposite in sign to that of an electron). 

Acceleration due to gravity (standard value, if variation from standard is 
significant). 

Planck’s constant. 

Boltzmann’s constant. 

m_ Rest mass of an electron. 


2. To be Printed in Ordinary Italic, when not Greek. 


General Physics and Chemistry. 
Length . ° ‘ ; } A 
mean free path of molecules , ° 
height . 
diameter, distance 
diameter of molecules 
radius . ‘ 
Mass ° ‘ 
molecular weight ‘ 
atomic weight 
atomic number. 
gram-equivalent weight . 


Time ° 
time interval, — half- or mean-life 
frequency ° 

Velocity . 
of ions 


s 265 


es S88 


5, Qa> 


NNT 
ang 


-, Peat 


>; C, (4, v, w) 
(with subscript) 


angular 
Acceleration 


. ~ a 
due to gravity (as variable) 


mMrE S 
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Force . ‘ ; ‘ ‘ : . F(X, Y,Z 
Moment of inertia . : . ° ‘ 
Pressure . : ‘e 
especially osmotic . 
Volume . 
Density . ‘ 
Compressibility 
Viscosity ° . ; ° ° ° ° 
Fluidity . 
Surface area . 
Angle of contact 
Surface tension 
Parachor 
Surface concentration excess 


Number of mols ° ° ° ‘ ° 
Concentration, mol fraction _ ‘ ‘ ° 
in other terms 


soyps 
[Sy 
og Be 


hy Sr GS AD 
a 





Peel 
Oe 


Solubility ° 
Diffusion coefficient . 


Chemical equilibrium constant eestiidin reactants) 
solubility product . 

Velocity constant of chemical reaction 

Number of molecular collisions per second . 

Partition function 


Efficiency, of any process’ . 
Wave function 


a 
. 


GS AN? 


Heat and Thermodynamics. 


Temperature, on absolute scale, (°K) . ‘ 
on other scales. , ° 
Thermal conductivity ° ° 


Energy (general symbol) 
Work done by or on a system 
Heat entering a system 
Specific heat . 

molecular heat . 
Ratio of specific heats 
Latent heat, per g. 

per mol 


8 


Intrinsic energy ° ° 

Enthalpy, total heat, or heat content . . 

Entropy . . ‘ . 

Free energy (Helmholtz) ‘ 

Thermodynamic potential, Gibbs function, free 
energy (G. N. Lewis) . . 


QD RUNG OVOP S EH FOH 
. a 8 
a 
Ye 
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Vapour pressure constant . 


Chemical potential 
Activity . 
coefficient (for molar concentration) 
Osmotic coefficient . 
Van ’t Hoff’s factor . 


Electricity. 


Quantity of electricity . 
especially electrostatic charge 

Potential (difference) ‘ 

Volta potential 
electrokinetic potential . 
especially electromotive force of voltaic cells 

Potential gradient, in electric field 

Electronic exit work function 

Current . 

Resistance ‘ ‘ ‘ . ; 
specific resistance . : ‘ ‘ . 
specific conductance > ‘ ° 

Inductance, self 

mutual . 

Electrostatic capacity 

Dielectric constant 


Dipole moment 


Electrochemistry. 


Degree of electrolytic dissociation 
Valency of an ion 
Ionic strength . 


Equivalent conductance 
equivalent ionic conductance, ‘“‘ mobility ” 
Transport number 


Single electrode potential . 
Electrolytic polarisation, overvoltage . 


Magnetism. 
Magnetic field strength 
flux 


permeability ° 
susceptibility—volume 

mass . 
moment . . 
induction . 


=. 


e.% “8 ER 


ee 


rr a ARs RD DW MO be 


a 
z 
I 
A 


l (with subscript) 


T (with subscript) ... 


n (with subscript) 


e (with subscript), 
E (with subscript} 
-«? 


3 


ty ere A EO 











' Optics. 
Wave length A 
Wave number . y 
Intensity of light ; , , ar 
Refractive index . ; ‘ , ° . (with subscript) 
. . - # (with subscript) 

specific refraction . ° ° ° : . » (with subscript) 
_ molecular refraction [R] (with subscript) 
Molar extinction coefficient € 
Angle of (optical) rotation ° , ‘ - @ 

specific rotation . ; ; , . [ea] 
Specific magnetic rotation 

3. To be Printed in Roman, when not Greek. 


(a) 


Examples of Mathematical Constants and Operators. 


Base of natural logarithms . : : . 2 


Ratio of circumference to diameter 


Differential 
partial 
Increment 


very small increment 


Sum ‘ 
Product . 
Function 


*Ampeére (in ain 


Volt 
Ohm 


Watt 
Farad 
Henry 
Centigrade 


Fahrenheit 
Kelvin . 


Angsffom unit 


micron 
metre 


gram 
litre 


R6ntgen unit . 


PSMopwo 


0 


(b) Examples of single-letter abbreviations. 


nore BEP AMS RZ HOSP 


tNormal (concentration) . ‘ : , -. N, 


{Molar (concentration) . ° , ; . M. 
.” for “ milliampére”’; but “‘ amp.” is preferred for “‘ ampére. 


* E.g. ‘“‘ ma 


t Separated by a hyphen (and no full stop) om a chemical formula Patch follows it. 
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The following prefixes to abbreviations for the names of units should be 
used to indicate the specified multiples or sub-multiples of these units : 


M mega- 10° ‘x 
k kilo- 108 x 
d deci- 107 x 
c centi- 10? x 
m milli- 10-3 x 
p micro- 10°* x 


e.g., MQ. denotes megohm; kw., kilowatt; and yg., microgram. The use of 
up. instead of mp. to denote 107 cm., or of y to denote microgram is deprecated. 


4. Subscripts and other Modifying Signs. 


(a) Subscripts to symbols for quantities. 


— er with symbols for thermodynamic functions, referring to 
different systems or different states of a system. 


a‘. referring to molecular species A, B, etc. 

i referring to a typical ionic species i. 

- referring to an undissociated molecule. 

aid referring to a positive or negative ion, or to a positive or negative 
electrode. 

nee indicating constant pressure, volume, and _ temperature 
respectively. 

e indicating adiabatic conditions. 

» indicating that no work is performed. 

ase with symbol for an equilibrium constant, indicating that it is 


expressed in terms of pressure, concentration, or activity. 
G, V,L, x referring to gas, vapour, liquid, and crystalline states, 
respectively. 
eee referring to fusion, evaporation (vaporisation of liquid), sublim- 
ation, transition, and dissolution or dilution respectively. 
‘ referring to the critical state or indicating a critical value. 
referring to a standard state, or indicating limiting value at 
infinite dilution. 
0,D,¥ with = for optical properties, referring to a particular wave- 
length. 
Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 


subscript outside. 
(b) Other modifying signs. 

° as right-hand superscript to symbol (particularly to a symbol for a 
general thermodynamic function—see . 5), referring to a 
standard state. , 

[] enclosing formula of chemical substance, indicating its molar 
concentration. 

{} enclosing formula of chemical substance, indicating its molar 


activity. 
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In crystallography it is recommended that : 


Millerian indices be enclosed in parentheses, ( ) ; 

Laue indices be unenclosed ; 

Indices of a plane family be enclosed in braces, { } ; 
Indices of a zone axis or line be enclosed in brackets, [ ]. 


Numerals attached to a symbol for a chemical element in various positions 
have the following meanings : 


upper left | mass number of atom. 
lower left nuclear charge of atom. 
lower right number of atoms in molecule. 


e.g., Li; TH, (= D,). 


ALPHABETICAL INDEX OF RECOMMENDED SYMBOLS, 
and single-letter abbreviations. 


including all those given in the above lists except prefixes, subscripts and 
other modifying signs. 


The name of any quantity for which a given symbol is a second preference 
ts printed in parentheses. 


free energy—Helmholtz ; atomic weight; surface area. 
Angstrom unit. 
activity; (acceleration). 
ampére, in sub-units—see footnote, p. 2093. 
magnetic induction. 
concentration; electrostatic capacity. 
with subscript : molecular heat capacity. 
Centigrade. 
velocity of light in vacuo. 
velocity ; concentration. 
with subscript : specific heat. 
diffusion coefficient. 
diameter; distance; (density). 
differential. 
partial differential. 
energy; (intrinsic energy); potential difference, especially electromotive 
force of voltaic cells. 
with subscript: single electrode potential. | 
electronic charge—charge equal and opposite in sign to that of an electron. 
quantity of electricity, especially electrostatic charge. 
with subscript : single electrode potential. 
base of natural logarithms. 
Faraday’s constant. 
force; (free energy—-Helmholtz). 
farad; Fahrenheit. 
acceleration; activity coefficient, for molar concentration; partition 
function. 





DN Ge A 


“Nee 7 


1, 
M 
M. 
m 
m 
m. 
N 
N 
N. 
n 


Ss! NOV’ 
ae SY 


ye un 


function. 

thermodynamic potential, Gibbs function, free energy—G. N. Lewis. 
acceleration due to gravity, standard value. 

acceleration due to gravity, as a variable; osmotic coefficient. 


gram. 

enthalpy, total heat, heat content; magnetic field strength. 
henry. 

Planck’s constant. 

height. 

moment of inertia; ionic strength; electric current; intensity of light. 
vapour pressure constant; van ‘t Hoff’s factor. 
mechanical equivalent of heat. 

gram-equivalent weight. 

chemical equilibrium constant; (compressibility). 

K, solubility product. 

Kelvin. 

Boltzmann’s constant. 

thermal conductivity; velocity constant of chemical reaction. 
latent heat per mol; self inductance; (solubility product). 
latent heat per g.; length; mean free path of molecules. 
with subscript : equivalent ionic conductance, ‘‘ mobility ”. 
litre. 

molecular weight; mutual inductance; magnetic moment. 
molar concentration. 

rest mass of an electron. 

mass. 

metre. 

Avogadro’s number. 

mol fraction. 

normal concentration. 

number of mols. 

with subscript : (transport number). 

with subscript : refractive index. 

pressure. 

parachor. 

pressure. 

quantity of electricity. 

heat entering a system. 

gas constant per mol; Rydberg’s constant. 

electrical resistance. 

with subscript : molecular refraction. 

radius; (specific resistance). 

with subscript : specific refraction. 

R6ntgen unit. 

entropy. 

solubility ; (surface area). 

temperature, on absolute Kelvin scale. 

with subscript : transport number. 

time; (temperature—not on absolute scale). 





z¢q 
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intrinsic energy. 

velocity component. 

with subscript : velocity of ions. 

volume; potential, potential difference, including Volta potential. 

volt. 

volume; velocity; velocity component. 

(work done by or on a system). 

watt. 

work done by or on a system; velocity component. 

force component; potential gradient in electric field. 

mol fraction. 

force component. 

force component; g.-equivalent weight; number of molecular collisions 
per second; atomic number. 

valency of an ion. 


degree of electrolytic dissociation; angle of optical rotation. 
specific optical rotation. 

surface concentration excess. 

ratio of specific heats; surface tension. 

increment. 

very small increment. 

dielectric constant; molar extinction coefficient. 
electrokinetic potential. 

efficiency of any process; viscosity; electrolytic polarisation, overvoltage. 
angle of contact; temperature—not on absolute scale. 
compressibility ; specific conductance; magnetic susceptibility—volume. 
equivalent conductance. 

wave length. | 

chemical potential; dipole moment; magnetic permeability. 
with subscript : (refractive index). 

micron. 

frequency ; wave number. 

pressure, especially osmotic pressure. 

product. 

(electrolytic polarisation, overvoltage). 

ratio of circumference to diameter. 

density ; specific resistance. 

sum. 

diameter of molecules; (surface tension); (specific conductance). 
time interval, especially half or mean life. 

fluidity; electronic exit work function; magnetic flux. 
function. 

magnetic susceptibility—mass. 

wave function. 

ohm. 

angular velocity; specific magnetic rotation. 
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NOTICES TO AUTHORS OF PAPERS 


1. All Scientific Communications for the Journal should be addressed to ‘‘ The 
Secretaries, Chemical Society, Burlington House, W.1.”” Papers to be read before a 
meeting of the Society are selected by the Secretaries. 


2. A paper is not normally considered for publication in the Journal unless at least 
one of the authors is a Fellow of the Society, but in exceptional circumstances the Council 
is prepared to consider papers submitted by non-Fellows. 


3. An author must submit with every paper a signed form of declaration that to the 
best of his knowledge the paper does not contain any information that contravenes the 
Official Secrets Act. 


4. An author engaged in any Government Department or similar body associated with 
the prosecution of the war must submit with his paper a written declaration from such 
Department or body that he has received authority to submit the paper for consideration 
for publication in the Journal. 


5. All papers should be submitted in typescript in double-line spacing. Foot- 
notes in papers add considerably to the cost of printing; authors are requested, therefore, 
not to use them unless necessary. 


6. Every paper should be prefaced by a short summary setting forth briefly and in 
simple language the objects of the investigation, the results obtained and their bearing 
on chemical knowledge in general. The summary should be such as to enable any chemist 
to obtain a clear idea of what the investigation has achieved and should normally be from 
50—250 words in length. 


7. If he desires to do so, an author may send with the paper, for consideration by the 
Publication Committee, a confidential report by a Chemist of standing to whom the paper 
has been submitted. 


8. The Publication Committee invites authors who publish series of related papers in 
the Journal to submit, at suitable intervals, papers reviewing their previously published 
work. 


9. The Society reserves the right to retain the Manuscript and illustrative drawings 
of all papers sent to it, and authors are therefore advised to keep copies. This right 
is not usually exercised in respect of illustrative drawings. When papers have been accepted 
for publication the authors are not at liberty, save by permission of the Council, to publish 
them elsewhere until such papers have appeared in the Journal of the Society. Papers 
which are retained by the Council after being judged unsuitable for publication in the 
Journal are deposited in the Archives of the Society. 


10. Communications which have appeared in any other Journal shall not be published 
in the Journal of the Chemical Society unless this course is approved by a special vote of the 
Council. 


11. The address to which proofs are to be sent should be written on every paper. 


12. Authors resident overseas are requested to name agents in Britain to whom may be 
referred matters concerning their papers, including the correction of proofs, in order that 
delay in publication may be avoided. 


13. Illustrations accompanying the papers must be carefully drawn, preferably twice 
the size of the finished block (max. width, 44 inches), in Indian ink, on smooth white Bristol 
board or paper. Any illustration which exceeds four times the size of the finished block 
will be returned to the author for re-drawing to a smaller scale. Lettering on the drawings, 
whether on the margin or in the body of the drawing, must not be in ink but must be in- 
serted lightly in blue pencil. Authors may, if they wish, submit in the first place clearly 
drawn pencil sketches instead of the completed diagrams, which, however, must be supplied 
before publication. * Further information can be obtained from Dr. C. Smith, Staplefield 
Grange Farm, Haywards Heath, Sussex. 


14. If any Author requires more than the number of reprints (without wrappers) 
allowed by the Society, namely, 10 plus 10 extra for each author in excess of one, or desires 
to receive his reprints in wrappers and is willing to pay the extra cost thereby involved, he 
should inform Dr. Smith at the time he sends in the corrected proof. Extra copies will be 
supplied at rates which can be obtained from the Editor. 
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